Dansyl-based polythiophene with electrochromic and fluorescent properties for application in displays and OLEDs 
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ABSTRACT

A new fluorescent polythiophene derivative bearing a donor-acceptor dansyl substituent was prepared by a simple synthetic route. Both the monomer 2-(3’-thienyl)ethyl dansylglycinate (TEDG) and the polymer (PTEDG) are soluble in common organic solvents, such as CH2Cl2, which allow the drop cast of films onto ITO electrodes. The electrochromic properties of these films were investigated and it was observed color variation from yellow, in the reduced state, to bluish-gray, in the oxidized state. TEDG and PTEDG are fluorescent and can be applied as green and yellow light emitting materials. 

INTRODUCTION 
Conjugated polymers have attracted the attention of various researchers mainly because of their electrical, magnetic, and optical properties, which make them useful for applications in modern organic optoelectronic devices [1,2]. 

New structural designs of conjugated polymers have afforded materials with excellent characteristics for application in such fields as Organic Light Emitting Diodes (OLEDs) [5], Organic Field Effect Transistors (OFETs) [6], Organic Solar Cells [7], and Electrochromic Devices (ECDs) [8-10]. Polymers applicable to many areas are regarded as multipurpose materials that can potentially lower the cost of active layer production in the organic electronics industry [11,12]. 

The attractive properties of conjugated polymers mostly lie on their ability to alter the electronic and spectral features of a compound upon modifications of the chemical structure. This is because tailoring of the band gap (Eg) of these polymers allows for variation in the absorption or emission wavelength [4], or even in the electrochemical response [13].

The properties of conducting polymers; i.e., their electronic features, optical characteristics, and conductivity, among others, depend mainly on the electronic nature of the starting monomer. These properties can be adjusted by modification of the monomer through attachment to the system of different functional groups, such as electrondonating and/or electronwithdrawing, n-dopable, or fluorescent substituents [13-16]. 

Fluorescent conjugated polymers have been synthesized and characterized with a view to attaining new materials suitable for application in optoelectronic devices. Our group has synthesized and characterized a series of polypyrrole and polythiophene derivatives bearing dinitroaromatic (n-dopable), alkyl(methoxyphenoxy), or carboxylic acid substituents aiming at their application in ECDs [20-23] or as material for use in capacitors [24]. Recently, we have prepared fluorescent films based on chemically or electrochemically modified 1-(dimethylamino)-naphthalene-5-sulfonyl, also known as dansyl, derivatives [25,26]. Previous studies on the electrochemical properties of dansyl have aroused considerable interest in the attachment of the dansyl group to the thiophene ring, so as to achieve new fluorescent conjugated polymers.

Based on these considerations, we prepare the monomer 2-(3’-thienyl)ethyl dansylglycinate (TEDG) and its polymer, and investigated the electrochromic and fluorescence properties of this material. 
EXPERIMENTAL
The polymer films were prepared by dissolving 1.0 mg PTEDG in CH2Cl2 (1.0 mL), followed by their coating onto ITO (Delta Technologies, 8-12 (, 1.0 cm2) electrodes via casting of the polymer solution onto the electrode (100 L cm-2). The films were then dried at room temperature and rinsed with CH3CN prior to the spectroelectrochemical experiments. 

The polymer films deposited onto ITO were characterized by cyclic spectrovoltammetry in 0.1 mol L-1 LiClO4/CH3CN solution as supporting electrolyte, using a Pt wire as the counter electrode and an Ag/Ag+ (CH3CN) electrode as reference, at a scan rate of 20 mV s-1. Cyclic voltammograms were acquired within the potential scan range of -1.8 ( E ( 0.7 V vs. Ag/Ag+(CH3CN). Spectra in the range of 300 to 1100 nm were recorded simultaneously with the electrochemical experiments.

RESULTS AND DISCUSSION
Due to their high solubility in common organic solvents such as dichloromethane, the drop-cast [4] of polymer films can be applied for the preparation of transparent films. Therefore, PTEDG films were deposited onto ITO electrodes by means of this approach, and their electrochemical behavior was analyzed by cyclic voltammetry. 
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Fig. 1 Cyclic voltammogram of the PTEDG film in LiClO4/CH3CN 0.1 mol L-1 with = 0.02 V s-1.
The cyclic voltammogram of the PTEDG film displays an anodic wave with anodic peak potential (Epa) at 0.596 V vs. Ag/Ag+ and a badly-defined shoulder at 0.478 V, besides a cathodic wave with cathodic peak potential (Epc) at 0.483 V (Fig. 1). This redox couple may be ascribed to the p-doping of the polymer. The difference (Ep) of 0.113 V between the anodic and cathodic peak potentials is typical of conducting polymers and may be explained by kinetic limitations like ion diffusion or interfacial charge transfer processes, including slow heterogeneous electron transfer, effects of structural reorganization processes within the polymer film, and electronic charging of a sum of two interfacial exchanges, namely the electrode/polymer and the polymer solution interfaces [36-38]. 
It is possible to note a poorly-defined redox pair (Epc = -1.039 and Epa = -1.030 V) in the cathodic region of the cyclic voltammogram. This is associated with n-doping of the polymer, a process in which the cation enters the polymeric structure and neutralizes the negative charge formed during the reduction process.

The behavior of PTEDG films upon doping and dedoping was monitored by UV-vis-NIR spectroscopy in a solution containing LiClO4 0.1 mol L-1 in CH3CN. The changes in the absorbance spectra of the film were plotted as a function of the potential applied to the electrode during cyclic voltammetry. 
The absorption spectrum of the film in the neutral state (E = 0.0 V) exhibits a band with a maximum at 454 nm which indicates an optical band gap energy of 1.6 eV (calculated from the onset of the –* transition). With the rise in potential, the peak intensity at 454 nm decreases, and it is possible to observe an increase in the absorbance at 800 nm, corresponding to the formation of the polaron state. At higher oxidation levels, a new broad band in the NIR region above 1000 nm appears, which is assigned to the formation of bipolarons, a consequence of the highly conducting state of the polymer film [39,40]. The color of the PTEDG film can be tuned from yellow in the neutral state to blue in the intermediate state (E = 0.5 V) and finally to bluish-gray in the oxidized state (E > 0.5 V), as shown in Fig. 2.
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Fig. 2 Characterization of the PTEDG film in LiClO4 / CH3CN 0.1 mol L-1 showing absorbance as a function of the applied potential (0.0 ≤ E ≤ 0.7 V vs. Ag/Ag+).

The fluorescence spectra of TEDG and PTEDG in CH2Cl2 are illustrated in Figure 3. Both the monomer and the polymer are fluorescent, with emission bands at 499 nm and 547 nm, which correspond to green and yellow, respectively. Compared with the monomer, a large bathochromic shift in the emission wavelength of PTEDG can be detected at 48 nm, which suggests that this red-shift of the emission band of the polymer is due to the higher conjugation backbone relative to the monomer [17,41]. The inset of Figure 3 evidences the photoluminescence properties of the soluble TEDG and PTEDG when they are exposed to  UV light of 366 nm wavelength.
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Fig. 3 Emission spectra of the (a) TEDG and (b) PTEDG in CH2Cl2. Inset: photoluminescence of TEDG and PTEDG solutions, respectively, when exposed to 366 nm UV light. 
CONCLUSIONS
A new conjugated polymer with electrochromic and fluorescence properties was synthesized by chemical polymerization of 2-(3’-thienyl)ethyl dansylglycinate (TEDG). Cyclic voltammograms of the polymer films revealed a redox pair at the anodic region, related to polymer doping/undoping process, and a redox pair at the cathodic region, attributed to the polymer n-doping. Furthermore, it shows electrochromic behavior: yellow in the neutral state, blue in the intermediate state and bluish-gray in the oxidized state. Fluorescence measurements show that the soluble TEDG and PTEDG are good green and yellow light emitter.
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