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Abstract: The synthesis, aggregation and optical properties of a chiral, regioregular 

polythiophene, substituted with a conjugated substituent, is described. The polymer was 

prepared using a Stille-coupling reaction. The fact that the side-chain contributes to the 

absorption (UV-vis), emission (fluorescence) and redox behavior (cyclic voltammetry) of the 

material demonstrates that the substituent contributes to the electronic properties. It was 

shown that the conjugated side-chain chirally stacks in conditions in which the polymer 

backbone aggregates, which demonstrates the ability of conjugated polymers to induce a 

(chiral) lamellar organization of conjugated moieties, present in their side-chain. The 

aggregation of both the side-chain and backbone was monitored using UV-vis and CD 

spectroscopy. Finally, it is shown that the conjugated side-chain can selectively be oxidized, 

without oxidizing the polythiophene backbone. 
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Introduction 

Conjugated polymers continue to enjoy great attention, as they are the key material in 

polymeric photovoltaic cells, field-effect transistors and light-emitting diodes, amongst 

others.
1
 In order to introduce solubility and easy processing, these polymers are typically 
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equipped with alkyl substituents. This approach has been successfully employed in, for 

instance, the development of substituted polythiophenes.
2-3

 Apart from introducing solubility, 

the alkyl substituents also aid in inducing lamellar, supramolecular order in films of 

regioregular, head-to-tail coupled poly(3-alkylthiophene)s (HT-P3ATs), which is a requisite 

for the above-mentioned applications.
4-5

 Moreover, the substituent allows the introduction of 

chirality, which can provide a powerful tool in the study of their (supramolecular) 

organization.
6 - 11

 Finally, the substituents can fine-tune the electronic properties of the 

conjugated backbone. For instance, max and E1/2 of HT-P3AT and head-to-tail coupled 

poly(3-alkoxythiophene)s differ 120 nm and 0.3 V, respectively.
12-14

 

Although the substituents do play a crucial role in the eventual properties of the conjugated 

polymer, the use of alkyl substituents prevents direct electronic contributions from the side-

chains to the material and consequently restricts that the material displays properties which 

directly originate from the substituent. Therefore, the properties of conjugated polymers could 

be enriched if π-conjugated moieties are used as substituent. Alkoxy-, nitro- and oxazoline-

substituted benzenes, with or without acetylene or vinylene linkage, have already been 

employed as side-chain of polythiophenes and their influence was studied.
15-25

 It was shown 

that these substituents influence the electronic properties of the backbone (band gap, 

electrochemical behavior). Furthermore, the appearance of an absorption band originating of 

the side-chain demonstrates that these moieties effectively contribute electronically to the 

material.  

On the other hand, the excellent lamellar supramolecular organization of regioregularly 

substituted polythiophenes could also conveniently be exploited to organize the (π-conjugated) 

side-chains. An ordered, layered structure of these conjugated side-chains can be of particular 

importance in, for instance, organic solar cells. 
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Apart from the aforementioned application, these polymers constitute a very promising 

approach as organic magnets.
26

 If the conjugated side-chain can be selectively oxidized, a 

radical-cation can be generated by oxidation of the side-chain. These radicals can influence 

their mutual spin orientation through the π-conjugated backbone, provided that the substituent 

is directly connected to the polymer backbone. In this respect, a HT substitution pattern 

ensures the ferromagnetic spin coupling through the bonds and a “high-spin” polyradical is 

formed, rather then a spinless entity. Moreover, the lamellar supramolecular structure 

promotes spin-coupling through space.  

In this manuscript, the synthesis and properties of a polythiophene, substituted with an 4-

aminostyryl group in a regioregular, HT fashion, is discussed (Figure 1). Special care was 

devoted to the regioregularity of the polymer, since this is a determining factor for 

supramolecular organization. It is investigated whether the conjugated substituent indeed 

contributes electronically to the material. In particular, it is verified if the presence of the tri-

substituted amino group offers the possibility of an easy and selective oxidation of the side-

chain. Second, it is examined whether the conjugated side-chain can be supramolecularly 

organized by the polymer backbone. Owing to the presence of chiral alkyl groups, the 

aggregation of both the conjugated backbone and side-chain could be studied. 

 

Experimental Section 

Reagents and instrumentation 

All reagents were purchased from Aldrich Chemical Co., Acros Organics, Merck, Fluka and 

Avocado. Reagent grade solvents were dried when necessary and purified by distillation. 

Gel permeation chromatography (GPC) measurements were done with a Shimadzu 10A 

apparatus with a tuneable absorbance detector and a differential refractometer in 

tetrahydrofuran (THF) as eluent toward polystyrene standards. 
1
H and 

13
C nuclear magnetic 
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resonance (NMR) measurements were carried out with a Bruker Avance 300 MHz. UV-vis 

and CD spectra were recorded with a Varian Cary 400 and a JASCO 810 apparatus 

respectively. The DSC measurements were performed on a Perkin-Elmer DSC 7 apparatus. 

The fluorescence measurements were done on a PTI photon Technology International 

apparatus. The optical rotations were measured with a polAAr 20 apparatus; the solvent used 

and concentration (in g/100 mL) are given in parenthesis. Films for UV-vis and CD 

experiments were prepared by spincoating (1000 rpm, 60 s). Cyclic voltammetry was 

performed on a Princeton Applied Research PARSTAT 2273, equipped with a standard three-

electrode configuration. A Ag/AgCl (3 M NaCl) electrode served as a reference electrode and 

a Pt wire and disk as counter- and working electrode. The measurements were done in 

acetonitrile with Bu4NBF4 (0.1 M) as the supporting electrolyte under argon atmosphere. 

Ferrocene was added before each run as an internal standard. The Fe(II/III) couple of 

ferrocene was observed at +0.43 V (scan rate = 50 mV/s). For the measurements of the 

polymers, a polymer film was drop casted on the Pt disk working electrode. 6, being an oil, 

was measured in solution. 

Synthesis of P1 

Synthesis of (S)-(+)-N-methyl-N-(3,7-dimethyloctyl)aniline (3) 

A suspension of 1 (3.21 g, 30.0 mmol), K2CO3 (4.98 g, 36.0 mmol), 2 (7.30 g, 33.0 mmol) 

and NaI (250 mg, 1.50 mmol) in dry DMF (25 mL) was stirred overnight at 65°C under argon 

atmosphere. After the solution was cooled to room temperature, the precipitated salts were 

removed. H2O was added and the solution was extracted with n-hexane and washed with 

brine. After being dried over anhydrous MgSO4, the solvent was removed under reduced 

pressure. The crude compound was purified by column chromatography (silica gel; eluent: 

dichloromethane/n-hexane (6/4)) and isolated as a yellow oil.  

Yield: 4.74 g (63%). 
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  C

D
20 = +1.28 deg·dm

-1
·mol

-1
·L (c = 10.2 in CHCl3). 

1
H NMR (CD2Cl2): δ = 7.17 (t, 2H), 6.65 (d, 2H), 6.60 (t, 1H), 3.30 (m, 2H), 2.88, (s, 3H), 

1.57-1.40 (m, 4H), 1.32-1.15 (m, 6H), 0.92 (d, 3H), 0.86 (d, 6H). 

Synthesis of (S)-(+)-4-[N-methyl-N-(3,7-dimethyloctyl)amino]benzaldehyde (4) 

At 0 °C and under argon atmosphere OPCl3 (3.64 g, 23.8 mmol) was added slowly to dry 

DMF (50 mL). After  the solution was stirred for 1 h at 0 °C, a solution of 3 (4.70 g, 19.0 

mmol) in DMF (10 ml) was added and the reaction mixture was stirred for 2 h at 80 °C. A 

NaOAc-solution (30 mL, 2.5 M) was added and the mixture was stirred for 1 h at room 

temperature. Then, the crude compound was extracted with diethylether, washed with brine 

and the combined organic layers were dried over anhydrous MgSO4. The solvent was 

removed in vacuo and the product was further purified by column chromatography (silica gel; 

eluent: ethylacetate/n-hexane (2/8)) and isolated as a dark, yellow oil. 

Yield: 4.57 g (87%). 

  C

D
20 = +3.85 deg·dm

-1
·mol

-1
·L (c = 2.36 in CHCl3). 

1
H NMR (CDCl3): δ = 9.70 (s, 1H), 7.71 (d, 2H), 6.66 (d, 2H), 3.39 (m, 2H), 3.02, (s, 3H), 

1.59-1.47 (m, 4H), 1.33-1.15 (m, 6H), 0.95 (d, 3H), 0.86 (d, 6H). 

13
C (CDCl3) : δ = 190.2, 153.5, 132.2, 124.9, 110.9, 50.7, 39.3, 38.4, 37.3, 33.5, 31.0, 28.1, 

24.8, 22.8, 22.7, 19.8. 

MS: m/z = 276 (M
+
) (calcd 275.4). 

Synthesis of (S)-(+)-2-Bromo-3-[2-[4-[N-methyl-N-(3,7-

dimethyloctyl)amino]phenyl]ethenyl]thiophene (6) 

A suspension of NaH (425 mg, 17.7 mmol) and 4 (4.57 g, 16.6 mmol ) in dry THF (25 mL) 

was heated to reflux and a solution of 5 (5.55 g, 17.7 mmol) in THF (10 mL) was added under 

argon atmosphere. After the reaction mixture was stirred for 1.5 h at reflux temperature, the 

solvent was removed via rotary evaporation, H2O was added and the solution was extracted 
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with dichloromethane. The combined organic layers were washed with a saturated NaHCO3-

solution and dried over anhydrous MgSO4. The solvent was removed and the crude compound 

was further purified by column chromatography (silica gel; eluent: n-hexane/dichloromethane 

(7/3)) and isolated as a viscous, yellow oil. 

Yield: 2.53 g (33%). 

  C

D
20 = +4.09 deg·dm

-1
·mol

-1
·L (c = 1.38 in CHCl3). 

1
H NMR (CD2Cl2): δ= 7.38 (d, 2H), 7.27 (d, J = 6.0 Hz, 1H), 7.22 (d, J = 6.0 Hz, 1H), 6.93 (d, 

J = 16.4 Hz, 1H), 6.86 (d, J = 16.4 Hz, 1H), 6.66 (d, 2H), 3.35 (m, 2H), 2.94, (s, 3H), 1.57-

1.50 (m, 4H), 1.30-1.14 (m, 6H), 0.94 (d, 3H), 0.87 (d, 6H). 

13
C NMR (CD2Cl2): δ= 149.8, 139.6, 131.6, 128.3, 126.5, 125.1, 124.8, 116.4, 112.4, 109.4, 

51.2, 39.8, 38.5, 37.8, 33.8, 31.5, 28.6, 25.4, 23.0, 22.9, 20.0. 

MS: m/z = 434 (M
+
) (calcd 434.5). 

Synthesis of (S)-(+)-2-bromo-3-[2-[4-[N-methyl-N-(3,7-

dimethyloctyl)amino]phenyl]ethenyl]-5-tributyltinthiophene (7) 

At 0°C and under argon atmosphere a solution of LDA (1.91 mmol) in dry diethylether (0.5 

mL) was added drop wise to a solution of 6 (102 mg, 0.250 mmol) in dry diethylether (5 mL). 

[The LDA-solution was prepared by dissolving (i-Pr)2NH (193 mg, 1.91 mmol) in dry 

diethylether (1.25 mL). The solution was purged with argon and cooled to 0 °C. n-BuLi (1.90 

mmol, 0.75 mL, 2.5 M in n-hexane) was added dropwise to the reaction mixture, which was 

then stirred for 30 min at room temperature.] After the reaction mixture was stirred for 1 h at 

0°C, Bu3SnCl (252 mg, 0.775 mmol) in dry diethylether (1 mL) was added drop wise via a 

syringe and the reaction mixture was stirred overnight at room temperature. After removal of 

the solvent, n-hexane was added and the precipitated salts were removed. The crude 

compound was isolated as a yellow oil and used without further purification (the excess 

tributyltin chloride was not removed). 
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Yield: 665 mg. 

  C

D
20 = +1.72 deg·dm

-1
·mol

-1
·L (c = 5.04 in CHCl3). 

1
H NMR (CD2Cl2): δ = 7.39 (d, 2H), 7.25 (s, 1H), 6.96, (d, J = 16.4 Hz, 1H), 6.87 (d, J = 16.4 

Hz, 1H), 6.66 (d, 2H) 3.35 (m, 2H), 2.94, (s, 3H), 1.61-1.53 (m, 10H), 1.36-1.11 (m, 18H), 

0.93-0.88 (m, 18H). 

13
C NMR (CD2Cl2): δ= 149.7, 140.5, 138.9, 133.1, 130.9, 128.2, 125.2, 116.7, 114.0, 112.5, 

51.2, 39.9, 38.6, 37.9, 33.8, 31.6, 29.5, 28.6, 27.9, 25.3, 23.1, 20.1, 16.8, 14.1, 11.5. 

MS: m/z =723 (M
+
) (calcd 723.5). 

Synthesis of P1 

A solution of 7 (221 mg, 0.625 mmol) and Pd(PPh3)4 (36.1 mg, 31.2 µmol) in a mixture of 

dry THF (12 mL) and dry DMF (12 mL) was stirred overnight at 80 °C under argon 

atmosphere. After cooling down to room temperature, the polymer solution was concentrated 

and the polymer was precipitated into methanol. The polymer was filtered off and further 

purified by Soxhlet extractions using successively acetone, n-hexane and chloroform. The 

chloroform-soluble fraction was concentrated and precipitated into methanol. The polymer 

was filtered off and dried. 

Yield: 125 mg (56%). 

 

Results and discussion 

Synthesis 

The synthesis of the monomer is depicted in Scheme 1. 3
27

 was prepared by alkylation of 1 

with chiral 2 in the presence of K2CO3 in DMF. Formylation of compound 3 using a 

Vilsmeier reaction resulted in 4. The aldehyde 4 was coupled with phosphonate 5 using a 

Wittig-Horner reaction. 
1
H-NMR spectroscopy confirmed that exclusively trans-6 is formed. 

The stannylated monomer 7, finally, was prepared by lithiation of 6 using LDA, followed by 
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quenching with Bu3SnCl. It is worthwhile to mention that 3 equivalents of LDA were required 

for quantitative deprotonation of 6. A quantitative deprotonation of 6 is necessary, since 

purification of the stannylated monomer 7 could not be accomplished and 6 could be expected 

to be a chain-stopper for the polymerization. 

The polymer was prepared by a polycondensation of 7 using a Stille-coupling with Pd(PPh3)4 

as a catalyst in a solvent mixture of toluene and DMF (1/1). After polymerization, the 

polymer was washed successively with acetone and n-hexane using a Soxhlet apparatus to 

remove byproducts and oligomers. Finally, the polymer was extracted with chloroform, 

precipitated into methanol and dried. The yield of the chloroform fraction amounted 56%. The 

molar mass of P1 was determined by GPC in THF toward polystyrene standards. P1 has a 

molar mass ( nM = 8.5 kg/mol) and a polydispersity (D nw MM = 1.8), which corresponds 

to a degree of polymerization ( DP ) of 24. However, this result must be put into perspective, 

since it has been shown that GPC overestimates nM  of rigid-rod-like polymers toward 

polystyrene standards.
28

 According to DSC, P1 shows a glass transition around 25 °C 

(cooling cycle, cooling rate = -20 °C/min).  

UV-vis and CD spectroscopy 

The UV-vis spectra of P1 in chloroform (a good solvent), a chloroform/methanol (1/1) 

mixture (a poor solvent) and in film, prepared by spin-coating, are displayed in Figure 2a. The 

spectra are a superposition of a strong absorption at 378 nm, arising from the side-chain, and 

the absorption from the polythiophene backbone. In good solvent, in which the polymer 

adopts a poorly conjugated conformation, this transition is located near 480 nm, while in 

nonsolvents and films, the polymer backbone planarizes (and stacks), resulting in a more 

conjugated, red-shifted band in which some vibronic fine-structure can be distinguished. Due 

to the HT substitution pattern, which prevents direct conjugation of the subsequent π-
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conjugated systems of the side-chain and the fact that their conformation is not altered, max of 

the side-chains is essentially unaffected by the decrease of solvent quality (max = 372 and 375 

nm in chloroform/methanol (5/5) and in film, respectively.  

As expected, the CD spectrum of P1 in chloroform (Figure 2b) does not display any Cotton 

effect, which is in agreement with the random-coil-like conformation of the polymer. 

However, in films or nonsolvents clear Cotton effects can be distinguished in both the 

backbone and the side-chain transition, unambiguously demonstrating that chirality is present 

in both the polymer backbone and in the side-chain. The gabs-value (Δε/ε) is in the order of 

110
-3 

for both the side-chain and polymer backbone, which is 5-10 times smaller then 

typically observed for HT-poly(alkylthiophene)s.
6,11 

It is clear that a transition between an achiral and chiral state can be induced by a decrease of 

the solvent quality. To investigate whether this chirality is macromolecular (for instance a 

one-handed, helical polymer backbone which chirally orients the side-chains) or 

supramolecular (a chiral stacking of multiple polymer chains) in nature, the concentration 

dependence of this transition, was investigated. For this purpose, the solvent quality was first 

gradually decreased (Supporting Information, Figure S1a-b), revealing that intermediate 

spectra are obtained in a chloroform/methanol (65/35) mixture (c = 14.4 mg/L). The 

concentration dependence of the UV-vis and CD spectra in this mixture (Supporting 

Information, Figure S2a-b) clearly demonstrate that the observed chirality is supramolecular 

in nature, i. e. in poor solvent mixtures and in film, the polymer consists of aggregates, in 

which both the conjugated backbone and the side-chain are chirally stacked. 

It is worthwhile to mention that annealing of the film was necessary to induce (chiral) 

aggregation. After spincoating, either from chloroform or from the higher-boiling 

chlorobenzene, the polymer backbone is still in its coil-like conformation, as evidenced by the 

absorption spectrum, which resembles the situation in chloroform-solution. Annealing at 160-
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170 °C for 1 min (Supporting Information, Figure S3) induces a planarization of the backbone, 

as expressed by the red-shift, and chiral stacking, for which the Cotton effects account. A 

similar behavior has also been observed in other polythiophenes substituted with conjugated 

side-chains.
16,18-20,22-23 

It must be mentioned that the limited presence of the vibronic fine-structure, the somewhat 

lower gabs-values, the low extinction coefficient of the polymer backbone and the necessity to 

anneal the films in order to induce planarization and stacking might be attributed to a rather 

twisted conformation of the backbone, which is in agreement with the increased bulkiness of 

the substituent compared to, for instance, poly(alkylthiophene)s. 

Conjugated polymers grafted with organic groups which can be oxidized and/or carry 

unpaired electrons and which are (chirally) oriented by the polymer’s backbone, have already 

been prepared on several occasions. However, these systems are typically composed of a 

(chiral) one-handed helical backbone, which acts as a template for the organization of the 

side-chains within one polymer chain.
29-30

 In contrast, the side-chains in P1 are organized in a 

(chiral) lamellar fashion. These findings show that conjugated side-chains can organize into a 

supramolecular structure using the supramolecular structure of conjugated polymers, which is, 

as already mentioned, an important asset in the development of organic magnets. 

Finally, it is also important to emphasize that the polymeric structure of P1 is essential for the 

supramolecular organization of the side-chains. Indeed, conjugated oligomers, chiral as well 

as achiral, are known for their ability to stack. However, attempts to (chirally) aggregate 6 

failed: nor in the conditions in which P1 aggregates (chloroform/methanol (1/1), c = 22 mg/L), 

nor in much higher concentrations (c = 430 mg/L), (chiral) aggregation of 6 could be induced 

(Supporting Information, Figure S4). This demonstrates that the supramolecular organization 

of the polymer backbone is indeed necessary to induce the (chiral) stacking of the conjugated 

side-chain. 
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Aggregation behavior 

It is clear that both the polymer backbone and side-chain chirally stack upon decreasing the 

solvent quality. Interestingly, since the absorption of the side-chain and backbone is 

significantly different, the aggregation of the side-chain and backbone – and possible presence 

of chirality – can be separately monitored by probing the absorbance and ellipticity at 

different wavelengths. Since aggregation of the side-chain does not lead to a significant 

change of its max, it is difficult to monitor its aggregation by UV-vis spectroscopy. On the 

other hand, the ellipticity at 405 nm (Δε405) solely arises from chiral aggregation of the side-

chain; as a consequence, probing the ellipticity at this wavelength gives direct measure of the 

chiral aggregation of the side-chain. The aggregation of the backbone, in its turn, can be 

conveniently measured by the absorption at 650 nm (ε650), since the side-chain nor main chain 

in its coil-like state absorb at this wavelength. Finally, the chirality of the aggregation can be 

measured by the ellipticity at 600 nm (Δε600), for which chirally stacked polythiophene 

backbones are the sole contribution. 

In Figure 3, Δε405, ε650 and Δε600, relative to their maximum value,  are plotted in function of 

the chloroform/methanol ratio (c = 14.4 mg/L). From the fact that all three parameters 

coincide, it can be concluded that the transition random-coil → chiral aggregates, in which 

both the side-chain and backbone chirally stack, is a one-step process. The decrease of the 

ellipticity, both at 405 and 650 nm, can be explained by the fact that decrease of the solvent 

quality lowers the angle between the different stacked chain due to increased π-interaction and 

hence reduces the ellipticity.
31

 

Emission spectroscopy 

Next, it was investigated whether the substituent also contributes to the emission of P1. These 

measurements were performed in chloroform. P1 was excited at two wavelengths, one 

corresponding to the absorption of the conjugated side-chain (λex = 355 nm) and the other one 
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corresponding to the conjugated main-chain (λex = 440 nm) (Figure 4). When 6 - which serves 

as model compound for the side-chain - is excited at 355 nm, one peak at ca. 415 nm is 

observed. Naturally, excitation at 440 nm does not result in any emission. P1, on the other 

hand, shows two emission peaks at 390 and 580 nm when excited at 355 nm. While the first 

peak corresponds to the emission of the conjugated side-chain, the low-energy band could 

tentatively be ascribed to the emission of the backbone. 

To investigate whether this emission peak indeed originates from the backbone due to energy 

transfer from the conjugated side-chain to the main chain, also the emission of HT-poly(3-

dodecylthiophene) HT-PDDT, excited at both wavelengths, was measured. The presence of 

an emission peak at ca. 570 nm clearly demonstrates that the low-energy emission of P1 

indeed originates from the backbone. Unfortunately, since HT-PDDT also emits when 

excited at 355 nm, it cannot be deduced that the low-energy band of P1 indeed originates 

from energy transfer. Nevertheless, from the presence of an emission band from the side-

chain and from the fact that the overall emission of P1 is far less intense than of HT-PDDT, it 

can be concluded that the conjugated side-chain does play a significant role in the emission of 

P1. 

Oxidation behavior 

Apart from spectroscopic features (absorption and emission), the side-chain can also 

contribute electrochemically to the conjugated polymer material. Oxidation of the conjugated 

side-chain can be a particular interesting feature, since spins can be created in this way, 

rendering such polymers applicable for organic magnets. In order to allow easy oxidation, the 

electron-donating amino group was incorporated. 

The oxidation and back-reduction was first electrochemically investigated on films of P1 

(Figure 5). Also HT-PDDT and 6, which again serve as a reference for the backbone and 

side-chain oxidation, respectively, were measured. From Figure 5, it can be concluded that the 
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side-chain is oxidized at a much lower potential than the backbone (Epa ~ 0.7 V versus Epa ~ 

1.1 V), which suggests that the substituent could selectively be oxidized without oxidizing the 

backbone. It should be noted that if P1 is subjected to an oxidation cycle up to + 1.5 V in an 

attempt to oxidize the backbone – as done for HT-PDDT – the polymer apparently degradates. 

It seems that the substituents, which bear a positive charge at that potential, destabilize the 

oxidized conjugated backbone. Next, it is clear that the potential at which the side-chains are 

oxidized is approximately unchanged by grafting them to the conjugated backbone. This 

implies that the subsequent side-chains are not in direct conjugation with each other, which 

can be correlated with their HT substitution pattern and which was also observed in their UV-

vis spectra. 

Then, the oxidation was accomplished by addition of an oxidant, i. e. NOPF6. Since the 

oxidant reacts with methanol, DMF were used as nonsolvent for the oxidations in solution. 

First, the oxidation of the substituent was studied (Supporting Information, Figure S5). This 

was accomplished by gradual addition of the oxidant. The oxidation is a single-step process –

as can be derived from the presence of clear isosbestic points - in which the band at 360 nm, 

originating from the neutral 6, disappears and a new band from the oxidized form at 465 nm 

appears. Remarkably, much more than 1 equivalent of NOPF6 (~8 times) was needed for a 

quantitative oxidation, which may be explained by the fact that NOPF6, being a very powerful 

oxidant, readily reacts with any impurity, for instance moisture. 

Next, the oxidation of aggregated P1 was studied (Figure 6). The polymer also aggregates in 

neat DMF solution, but, compared to chloroform/methanol mixtures, a much higher DMF 

content is necessary to induce aggregation. Upon oxidation, the band near 390 nm disappears 

and a new band at ~430 nm is formed, which reflects oxidation of the side-chain. From the 

absence of any polaronic or bipolaronic bands, it can be concluded that, although an excess of 

oxidant is added (as evidenced by its characteristic band near 390 nm), the polymer backbone 
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is not oxidized. Clearly, the oxidized substituents increase the oxidation potential of the 

polymer backbone in such way that it cannot be oxidized by NOPF6. This demonstrates the 

possibility to introduce radical-cations by selective oxidation of the aminostryryl side-chain. 

Second, the polymer backbone seems to lose some its vibronic fine-structure and the Cotton 

effects, both from the side- and main chain (almost) disappear, demonstrating that the 

polymer’s chiral supramolecular structure is lost.  

Finally, the oxidation was also performed on spin-coated films of P1 (Figure 7). As already 

mentioned, annealing is required to obtain a chiral, lamellar supramolecular organization. 

Oxidation, which was done by dipping the polymer film into a solution of NOBF4 in EtOAc 

and subsequent washing with diethylether, again results in oxidation of the side-chain, 

without oxidizing the polymer backbone. On the other hand, the UV-vis and CD spectra again 

suggest that the chiral supramolecular organization of both the side-chain and backbone is lost 

and that the backbone adopts a more poorly conjugated conformation. If the films are back 

reduced by dipping them in an aqueous hydrazine solution, the side-chain is indeed reduced, 

but the backbone‘s absorption remains blue-shifted and no Cotton effects reappear. This 

suggests that the blue-shift of the polymer backbone does not arise from electronic effects, 

accompanying the oxidation of the side-chain, since, in that case, it must vanish when the 

side-chains are back reduced. On the other hand, it is more likely that oxidation causes some 

irreversible chain rearrangements, which is also in agreement with the loss of the Cotton 

effects, but in contradiction with previous reports on poly(dithienopyrrole)s
32

 and poly(3,4-

dialkoxythiophene)s
33

. Therefore, the films were annealed again, but the original UV-vis and 

CD spectra were not restored. A possible explanation might be the presence of salts (PF6-

derivatives), which intercalate and complicate the stacking. 
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Conclusions 

A chiral, regioregular polythiophene, substituted with a conjugated, oxidizable side-chain, 

was prepared using a Stille-coupling reaction. It was demonstrated that the side-chain 

contributes to the spectroscopic (absorption, emission) and electrochemical properties of the 

polymer. It was also shown that the conjugated side-chain chirally stacks in conditions in 

which the polymer backbone aggregates, which demonstrates the ability of conjugated 

polymers to induce a (chiral) lamellar organization of conjugated moieties, present in their 

side-chain. The aggregation of both the side-chain and backbone was monitored using UV-vis 

and CD spectroscopy, revealing that the aggregation is a single-step process. Finally, it was 

shown that the conjugated side-chain can selectively be oxidized, without oxidizing the 

polythiophene backbone. Further research will focus on the polymer in which the side-chains 

are in their oxidized state (organic magnets). 
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Figure Legends 

Figure 1. Structure of polythiophene. 

Figure 2. A) UV-vis and B) CD spectra of P1 in chloroform (left scale), chloroform/methanol 

(5/5) (left scale) and film spin-coated from chloroform (right scale). 

Figure 3. Evolution of Δε405, ε650 and Δε600 of P1 relative to their maximum value, in function 

of the chloroform/methanol ratio. 

Figure 4. Emission spectra of P1 (left scale), 6 (left scale) and HT-PDDT (right scale) A) 

excited at 355 nm and B) excited at 440 nm. 

Figure 5. Cyclic voltammogram of P1 (left scale), 6 (left scale) and HT-PDDT (right scale). 

Figure 6. A) UV-vis and B) CD spectra of P1 (c = 25.5 mg/L) in DMF in neutral and 

oxidized state, with NOPF6 as the oxidant. 

Figure 7. A) UV-vis and B) CD spectra of P1 in film (spin-coated from chloroform). 

Scheme 1. Synthesis of P1. 
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Text for Graphical Abstract 

The synthesis, aggregation and optical properties of a chiral, regioregular, HT-coupled 

polythiophene, substituted with a conjugated substituent, is studied. The side-chain 

contributes to the absorption, emission and redox behavior of the material. Since the 

consecutive side-chains are, due to the HT-coupling pattern, not in direct conjugation, their 

electronic properties resemble well those of the monomer and are independent of the 

conditions. It was also shown that the conjugated side-chain chirally stacks in conditions in 

which the polymer backbone aggregates but the monomer does not, which demonstrates the 

ability of conjugated polymers to induce a (chiral) lamellar organization of conjugated 

moieties, present in their side-chain. Finally, it was shown that the conjugated side-chain can 

selectively be oxidized, without oxidizing the polythiophene backbone. 

 

 


