Characterization of a device assembled from a multichromic copolymer 
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ABSTRACT

Films of poly(DNBP-co-EDOT) and PEDOT were prepared and electrodeposited onto Indium Tion Oxide (ITO) electrodes in the presence of (C4H9)4NBF4 in CH3CN by the galvanostatic method. Moreover, were assembled electrochromic devices with the following configuration: ITO | poly(DNBP-co-EDOT) | | P(EPI-EO) / LiClO4 | | PEDOT | ITO. After assembling, the device was characterized by spectroelectrochemical techniques. From these experiments were obtained electrochromic parameters such as chromatic contrast, coulombic efficiency and electrochromic efficiency. 

INTRODUCTION 
An electrochromic material is a compound that changes color reversibly as a function of the applied potential and can be applied as materials for mirrors, displays, and electrochromic devices assembly [1–4].

Conjugated polymers have several advantages over inorganic compounds; e.g., attainment of multiple colors with the same material, coloration efficiency, fast switching times and facile tuning of color properties via alterations in the band gap through chemical structure modification [2,3]. 

In this case, electrochromism is related to the doping–undoping process that modifies the electronic structure of the polymer. As a consequence, new electronic states are produced in the band gap, thereby culminating in color changes [5]. In this sense, band gap control is a crucial parameter in the construction of dual-polymer based electrochromic devices, where a low band-gap (cathodically coloring) polymer is matched with a high band-gap (anodically coloring) polymer for achievement of a high degree of contrast during the switching process [3,6].

There are several parameters controlling the band gap of conducting polymers, so a variety of synthetic strategies have been described for modification of the monomer/polymer structure, such as attachment of electron-donating and/or withdrawing groups to the repeat unit, increase in the conjugation length by means of fused heterocycles, or copolymerization of different monomers [7–9]. 

The electrochemical copolymerization enables the fine-tuning of the neutral state hue of several conjugated polymers, which in turn introduces new color palettes without further synthetic effort at the monomer level and leads to an interesting combination of properties [10]. Indeed, the characteristics of the resulting copolymers are usually intermediate between those of the individual homopolymers constituting it [11].

In this work we describe the preparation of a copolymer based on (R)-(-)-3-(1-pyrrolyl) propyl-N-(3,5-dinitrobenzoyl)-phenylglycinate (DNBP) and 3,4-ethylenedioxythiophene, EDOT and the assembly and characterization of electrochromic devices based on these materials.
EXPERIMENTAL
Solutions of DNPB and EDOT were prepared at a concentration of 7.5 x 10-3 mol L-1 in a supporting electrolyte consisting of 0.1 mol L-1 (C4H9)4NBF4/CH3CN. Films of poly(DNBP-co-EDOT) and PEDOT were deposited onto ITO electrodes (1.0 cm2, Rs ≤ 10 Ω cm2; Delta Technologies) using a platinum foil as  the counter electrode and an Ag/Ag+ (CH3CN) reference electrode. 

Poly(DNBP) and PEDOT films were deposited galvanostatically with deposition charge between 10 and 60 mC cm-2.

Polymer electrolyte used to assembly the electrochromic devices was a solution containing poly(epichlorohydrin-co-ethylene oxide), P(EPI-EO) / LiClO4. The device was fitted with the following configuration: ITO | poly(EDOT-co-DNBP) | | P(EPI-EO) / LiClO4 | | PEDOT | ITO

The spectroelectrochemical characterization of the device was performed from the acquisition of electrochemical parameters along with the registration of spectra in the visible / near infrared region (300  1100 nm). Cyclic voltammograms were acquired within the fixed potential scan range of -1.5  E  1.5 V vs. PEDOT with a scan rate () of 0.02 V s-1 and spectrochronoamperograms were obtained by applying pulses of  E1= -1,5 V and E2 = 1.5 V for 20 s.
RESULTS AND DISCUSSION
A dual-type electrochromic device was assembled and its electrochromic properties were investigated by recording the changes in absorbance simultaneously with the changes in potential during the cyclic voltammetry, Fig.1. 
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Fig. 1 Characterization of the electrochromic device showing absorbance as a function of the applied potential (-1.5  ≤ E ≤ 1.5 V vs. PEDOT).
The electrochromic device showed the highest optical contrast between -1.5 V (reduced, bleached form) and 1.5 V vs. PEDOT (oxidized, colored form). In the reduced state the color of the device was greenish light blue, while upon oxidation, an absorption band at 600 nm was observed and the color of the device at 1.5 V was dark blue (Fig. 2).
The electrochromic performance and stability of the device were investigated by double-potential-step spectrochronoampero- metry. Figure 3 shows the CIE chromaticity diagram and the color coordinates of the device in the reduced (x = 0.43; y = 0.25) and oxidized (x = 0.46; y = 0.34) states, respectively.
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	Fig. 2 Electrochromic device in the bleached, reduced state (A) and in the colored, oxidized state (B).
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Fig. 3 CIE chromaticity diagram for the device in the reduced, bleached (A) and in the colored, oxidized state (B).
The chromatic contrast (%T) at 600 nm reached 44 % and the change from the colored to the bleached state was still visually perceptible after 500 redox cycles. Further, the stability of the present device to a large number of potential steps can be improved by the compensation of the charge balance between the active electrodes. 
Coulombic efficiency (CE), calculated from the ratio of the coloring to the bleaching charge (Qc/Qb), was 25 % in the first cycle and increased after a certain number of cycles, indicating that the doping process of each polymer film needs a period of operation time to stabilize. 

Electrochromic efficiency, (, was calculated using the data obtained from spectrochronoamperometry experiments at max in the reduced ((cat) and oxidized ((an) forms. The ( values calculated for the electrochromic device were between 150 and 260 cm2 C-1 and are in accordance with the values cited in the literature for similar devices [12-14]. These results indicate that, concerning energy economy, poly(DNBP-co-EDOT) is a promising material for application in electrochromic devices, since a small amount of charge injected per area is necessary to obtain a perceptible change of color.
CONCLUSIONS
The best performance of the device was obtained using poly(DNBP-co-EDOT) e PEDOT films deposited with a coulombic charge of 60 mC cm-2. The charges of poly(DNBP-co-EDOT) and PEDOT electrodes need to be equilibrated to improve stability over a large number of charge/discharge cycles. 

The results obtained suggest interesting perspectives in relation to the use of devices based on poly(DNBP-co-EDOT) films deposited on ITO electrodes in technological applications. It is important to note that this device has the advantage that it can be constructed and operated under atmospheric conditions. Also, the use of a polymeric electrolyte eliminates the need of perfect sealing necessary with a liquid electrolyte.
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