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Abstract 
 
Graphene has attracted growing attention as a potential candidate for application in electrochemical and 
photo-electronics systems [1,2].  More recently, chemical doping of graphene as an approach to tailor 
its properties has attracted much attention, since it can overcome some limitations of pristine graphene 
(particularly, the absence of a semiconducting gap that may be a barrier to most electronic 
applications). Substitutional doping, which introduces heteroatoms in the carbon lattice of graphene, 
promotes the modulation of the electronic properties of graphene[3]; if pristine graphene is doped with 
nitrogen atoms, this material is converted into a n-type semiconductor and the band gap is opened. 
Electrochromic materials, which are functional materials whose optical properties can be controlled by 
electrical stimulus, have attracted a lot of interest from academia as well as from industry [4]. Currently, 
one of the main technological challenges is the development of low cost, flexible, portable and low 
energy consumption electronic devices for optical information. In this context, electroactive polymers - 
namely poly[M(salen)] polymers, which are electroactive polymers based on salen-type complexes – 
have been highlighted as a promising class of electrochromic materials, since they combine mechanical 
flexibility along with the capability of color tuning [5,6]. However, some of their major drawbacks for 
successful commercialization are short term durability and adequate switching times. 
 
Recently, graphene and its derivatives have been reported to be very good candidates for conductive 
polymers-based composites since such materials combine the individual properties of conductive 
polymers e.g. superior electrical and optoelectronic properties [7] with those of graphene.  Recent works 
show that the incorporation of graphene in conductive polymer matrixes promotes the improvement of 
the electronic transport behavior of the polymer, as well as the response times and the color 
efficiency[8,9].  For such bulk applications, few layer graphene (FLG) that consist of up to ten layers of 
graphene are interesting alternatives in view of their ease of handling and low cost. In this work, 
nanocomposites based in poly[Ni(salen)]-type electrochromic films and N-doped few layer graphene (N-
FLG) were prepared, and the influence of the presence of N-FLG on the electrochemical and 
spectroscopic profiles and on the electrochromic properties of the nanocomposite formed was 
evaluated.  
 
Nitrogen doped FLG were prepared by fluidized bed chemical vapor deposition process by the 
decomposition of a mixture of ethylene and ammonia in the presence of a ternary oxide powder catalyst 
at 650°C [10]. The FLG powder was recovered after washing the powder in 35%HCl at 25°C. The 
structure was confirmed by TEM and Raman spectroscopy. The nitrogen content as determined both by 
XPS and chemical analysis was found to be around 3 at.%. The poly[Ni(salen)]-type films were obtained 
by the oxidative electropolymerisation of the respective Ni(II) salen complexes [10]. The polymeric 
nanocomposites were prepared by co-deposition of the electroactive film and N-FLG, by cyclic 
voltammetry, using flexible polyethylene terephthalate coated with indium-tin oxide (ITO/PET) as 
working electrode. The as-prepared nanocomposites were characterized by cyclic voltammetry, UV-Vis 
spectroscopy in situ, chronoabsorptometry and chronoamperometry.  
 
The as-prepared polymeric films showed a polyelectrochromic behaviour, changing their colours 
between yellow, green and russet (figure 1). The electrochemical characterisation revealed higher 
electroactive surface coverage for the film co-deposited with N-FLG, and the spectroscopic data 
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showed some changes in electronic band profiles, when compared to the film without N-FLG; these 
observations confirm the incorporation of the nanomaterial within the polymeric matrix. 
The incorporation of the N-FLG within poly[Ni(salen)] film resulted in a nanocomposite with enhanced 
electrochromic properties. This new material showed lower switching rates (figure 2) and higher optical 
contrasts (35.9 %) and colour efficiencies (108.9 cm

2
 C

-1
) than the pristine poly[Ni(salen)] film (22.1 % 

and 95.4 cm
2
 C

-1
), as well as an improved electrochemical stability, losing only 11.5 % of current 

intensity after 10 000 redox cycles (11 days of continuous activity). More details on the materials 
properties and spectroelectrochemical characterisation of these composites will be presented in the 
poster. 
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Figure 1. Redox switching of the as-
prepared N-graphene@poly[Ni(salen)] 
nanocomposite 

Figure 2. Comparative chronoamperograms 
of poly[Ni(salen)] film with (red) and without 
N-graphene nanocomposite (black), with the 
respective response times. 
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