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ABSTRACT: Two steps synthesis of EDOT (3,4-ethylenedioxythiophene) derivate bearing a 

carboxylic acid group (carboxyl-EDOT) is presented. This reactive monomer has been 

copolymerized with EDOT to afford PEDOT copolymers. Thanks to the most common additives 

usually added to the PEDOT:PSS dispersion, ethylene glycol and 4-Dodecylbenzenesulfonic acid 

(DBSA), the carboxylic acid has been used to crosslink the material via esterification reactions. 

This result offers the possibility to produce a polymer network without adding any crosslinking 

agent. Furthermore, the short synthetic pathway of carboxyl-EDOT offers the possibility to 
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incorporate new functionality either in EDOT monomer or in PEDOT materials with a reasonable 

chemical effort and background. 

 

Conductive polymers, bioelectronic, organic electrochemical transistor (OECT) etc. these and 

more terms rapidly entered ubiquitarians in the scientific community in the last decades.1 The 

golden standard material, omnipresent in a large variety of devices is poly 3,4-

ethylenedioxythiophene (PEDOT).2 Despite the large use of this material, thanks to its mechanical 

and electrochemical properties,3 the variation of the bare chemical structure of the monomer 

EDOT is still an open challenge. Due to the difficulties in the synthetic part and the ease to obtain 

and use the commercial PEDOT, often, this conductive polymer, and more precisely, the 

commercial aqueous dispersion of PEDOT:PSS (PEDOT: PolyStyrene Sulfonate) is considered as 

an unmodifiable part. Another key point that turned PEDOT:PSS dispersion in the most used in 

the electronic field, is the widely biocompatibility in vivo and in vitro.4–6 Related to these bio-

applications,  crosslinking is needed to avoid re-dispersion/dissolution of the conducting film.7,8 

In order to overcome this problem, various processing methods were used, such as: UV light or 

the use of polyethylene oxide, DVS (divinylsulfone) or GOPS (3-

glycidoxypropyltrimethoxysilane).9–12 All these methods have certain pros and cons; among these, 

GOPS is the most used one, even if it requires high curing temperature (140 ºC for 1 h) and has 

negative effect on the conductivity values, due to the natural insulated properties of the siloxane 

network. To overcome this outcome, a large variety of additives are added; among them, ethylene 

glycol and DBSA are the most used. Ethylene glycol is known to increase charge density and 

mobility,13,14 and DBSA gives wetting and bulky-dopant properties.13,15,16 As we can easily see, 

we have in the same mixture a difunctional molecule, the diol, and a strong organic acid, the 



 3

benzenesulfonic. These two reagents plus a carboxylic acid can led to a difunctional ester, as 

omnipresently reported in organic chemistry books. EDOT derivate bearing carboxylic acid are 

poorly present in literature counting only two examples.17–20 The first carboxyl-EDOT has been 

reported by Prof. Martin’s group17,18 and in the second case Prof. Mecerreyes’ group showed a 

close derivate named ProDOT-COOH.19,20 

ProDOT derivatives are easier to synthesize but conductivity and mechanical properties are known 

to be lower than EDOT. In Martin’s case, the low yield and the high number of organic chemistry 

steps leads to poor yields and not easy handling. 

In this work we present a new two steps synthetic route to get carboxyl-EDOT, with an overall 

yield of about 70% as shown in Scheme 1. 

 

 

 

 

 

 

 

With the carboxylic derivate of EDOT available, we explore the possibility to use the carboxylic 

moiety to avoid the addition of any crosslinking agent. We copolymerized EDOT together with 

carboxyl-EDOT in three different concentrations: 5, 10 and 15 mol% (Chapter 5 SI) using PSS 

as anionic counterpart chain. The reaction has been performed via oxidative chemical 

polymerization using ammonium persulfate as oxidant and Iron (III) as catalyst, in water for 8 

hours at room temperature. In order to mimic as much as possible the commercial PEDOT:PSS 

Scheme 1. Synthetic route to carboxyl-EDOT (3). The reaction consists in two steps: a) 

Methyl glycerate (1) reacting with 3,4-dimethoxythiophene; b) Intermediate (2) 

hydrolysis using HCl in a mixture THF-water. 
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(Clevios P®),21 and to prove if the presence of the carboxylic moiety is disturbing the well-known 

behavior of the conductive dispersion, 1.3% s.c.(solid content), with a ratio between PEDOT and 

PSS of 1 to 2.5 have been chosen. UV-Vis-NIR analysis has been used to first check the resulting 

dark blue dispersions. The spectra (Figure S1) show only two strong characteristic bands of 

PEDOT:PSS, around 900 nm and above 1200 nm, derived from the radical cations and dications 

respectively. This sustains that the presence of the carboxylic group is not affecting the doped state 

of PEDOT, as the band of the neutral chain (the undoped or rather not conductive) below 600 nm, 

is totally absent, as in the bare PEDOT:PSS.22 Varying the concentration of carboxyl-PEDOT the 

spectra still look very similar: further confirmation that the carboxylic is not disrupting the doping 

effect. To truly confirm the incorporation of the carbonyl compound and due to the difficulties to 

analyze PEDOT dispersion, dialysis has been done on the samples after polymerization, checking 

the absence of any EDOT derivates dialysate.18,23 Having the copolymerized dispersion, we took 

advantage of two widely used additives: ethylene glycol and DBSA. The diol provides a 

difunctional block and DBSA an acid catalysis, in order to perform an in-situ esterification 

between PEDOT chains, as resumed in Figure 1. The mixtures are prepared by mixing PEDOTs 

dispersions, with the desired amount of ethylene glycol and a catalytic amount of DBSA, in our 

case we used 20% v-v of ethylene glycol. The chosen quantity of ethylene glycol has been chosen 

in order to get the best physicochemical properties and introduced in excess,24,25 anyhow low 

concentration of Ethylene Glycol (EG) with respect to EDOT-Acid could be used giving rise to 

similar crosslinking behavior (see Table S2). In the case of DBSA, the residual acidity of PSS 

does not allow the reaction using these conditions and to get an insoluble film its addition was 

mandatory. The resulting blends were sonicated and used right after (for a better reproducibility, 

we have avoided to store the prepared mixtures) to make drop-casted or spin coated films. The 
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resulting films are insoluble in water: to prove that, we left two drop-casted films, one with DBSA 

and one without, drying overnight and we tested the solubility in Phosphate-buffered saline (PBS) 

(Figure S3). Among the three different suspensions we tested (5, 10, 15% of carboxyl-EDOT in 

respect to EDOT), below 10% of carboxyl-EDOT the crosslinking is ineffective, although 10 and 

15% resulted very similar.  

 

 

 

 

The detailed reaction is shown in Scheme 2: ethylene glycol is bridging two PEDOT chains. 
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Figure 1. Schematic representation of PEDOT/carboxyl-PEDOT:PSS dispersions, 
before (left) and after (right) crosslinking by ethylene glycol in acid environment. 

Scheme 2. Esterification reaction scheme of PEDOT/carboxyl-PEDOT (PSS is omitted 
for clearness). 
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Attenuated Total Reflectance-Fourier Transform InfraRed spectroscopy (ATR-FTIR) (Figure S2) 

has been used to characterize the resulting insoluble films. To check the presence of the carboxylic 

moiety and the possible transesterification reaction, analyses of the dispersion and the films, before 

and after crosslinking have been realized. Varying the quantity of carboxyl-EDOT does not affect 

the infrared, showing almost identical profiles for all the three compositions. The expected band 

at 1700 cm-1 is not present, covered by the noise of PEDOT:PSS; anyhow, an enhanced band at 

around 1250 cm-1 being related to the C—O stretching of the carboxylic acid could be detected. 

Moreover, in the crosslinked film, this band move to higher frequency, with a more definite shape, 

characteristic of ester molecules. Conductivity has been measured and it is confirming that 

carboxyl-PEDOT is not affecting the electrochemical behavior giving values almost identical to 

PEDOT:PSS treated with ethylene glycol, of about 200 S/cm, reported in literature (Table S2).24–

26 

In this paper we have designed a new two-steps synthesis to afford an outstanding EDOT derivate, 

called carboxyl-EDOT and bearing a reactive carboxylic acid on the oxolane ring. We have used 

this molecule to copolymerize with EDOT, creating different dispersion of PEDOT/carboxyl-

PEDOT:PSS. With the aim to avoid the adding of any crosslinking agent. We exploited the 

carboxylic function together with two general additives broadly used in literature: ethylene glycol 

and DBSA. In this way we arrived to a crosslinked, insoluble material, thanks to the acid catalyzed 

esterification occurring between the diol and two different molecules present in the chain of 

carboxyl-PEDOT. To ensure the maintain of the PEDOT:PSS physical-chemical properties, we 

characterized the carboxyl-PEDOT dispersions via UV-Vis-NIR and the films via ATR-FTIR, 
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confirming that carboxyl-EDOT is not affecting the overall properties of the dispersion. These 

findings can be applied in bioelectronics devices to avoid the use of crosslinking agents, making 

the carboxyl-EDOT derivate prone to any further functionalization either in the monomer or in 

film state.  
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