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A B S T R A C T 
 

The Stage 3 of SMARTCrom project in 2019 had as main objective the development 

through macromolecular engineering of chromic materials able to respond to stimuli such as 

electrical potential or metal ions. To achieve this objective, nine polymers with electrochromic 

response, four polymers with ionochromic properties and three polymers containing two or even 

three of the ionochromic, photochromic or electrochromic receptors were synthesized. They were 

used to obtain smart materials with chromic response to two or even three external stimuli. Also, 

the investigation of physico-chemical properties of the polymers, with emphasis on structure-

property correlations and their electrochromic/ionochromic performance was made. The polymers 

were obtained from new monomers which incorporate triphenylamine unit or a heterocyclic unit - 

carbazole or phenoxazine as electrochromic receptor, or bipyridylamine moiety as ionochromic 

receptor. The structural identification of the synthesized monomers was made by spectral 

techniques, including NMR and FTIR, which proved their correct structure. Starting from the 

monomers containing the electrochromic/ionochromic receptor, 3 series of electrochromic polymers 

and 1 series of ionochromic polymers were obtained. Synthesis of these polymers was achieved by 

polycondensation reaction of a diamine containing the electrochromic/ionchromic receptor with 

different commercial aromatic dianhydrides, such as ODPA, BTDA, 6FDA, BPDA or PMDA. The 

polycondensation reaction was carried out in solution, in two steps, the first one at room 

temperature, with the formation of the intermediate polyamidic acid, and the second one at high 

temperature, when the cyclodehydration process to the polyimide structure takes place. The 

structural characterization of the developed polymers was made by NMR and FTIR techniques. All 

the synthesized polymers were processed into very thin films (coatings) on different substrates by 

using dilute polymer solutions. The casting technique, as well as the spin-coating method at a speed 

rotation of 1000 rpm were employed. The obtained films were used for different studies, such as 

optical microscopy for morphology evaluation, cyclic voltammetry or UV-Vis and fluorescence 

spectroscopy, for the evaluation of electronic, optical properties, etc. The thermal stability of the 

electrochromic/ionochromic polymers was high, the values of the initial decomposition and glass 

transition temperatures being comparable to those found for their corresponding support polymers 

reported in Stage 1. Their decomposition took place in a single step, the values of the initial 

decomposition temperature being found in the range of 340-502°C. The glass transition temperature 

(Tg) recorded from the DSC curves was in the range of 260-340°C, being significantly higher 

compared to those found for the supporting polymers. The UV-Vis absorption spectra of the 

electrochromic polymers are characterized by the presence of two bands, one due to the π - π* 

transitions in the benzene, imide and chromophoric unit, and the other one arising from the 

absorption of the conjugated chain segments containing the chromophoric unit. The triphenylamine-

based polymers exhibited a completely quenched fluorescence in the solution, while those 

incorporating phenoxazine or carbazole electrochromic receptor displayed a very low fluorescence. 



The ionochromic effect was investigated by UV-Vis absorption spectroscopy and cyclic 

voltammetry for different metal ions, such as Zn2+, Pb2+, Mn2+, Cu+, Cu2+, Co2+, Cd2+, Ba2+, Hg2+, 

Ca2+, Ni2+ or Fe3+. The ionochromic polymers selectively modified their UV-Vis absorption spectra 

depending on the nature of the metal ion and the macromolecular architecture. The presence of 

metal ions influenced the oxidation capability of the ionochromic receptor, consisting in shifting at 

higher potentials the peak corresponding to the oxidation process of the bipyridylamine unit, 

together with the increase of current intensity. It was concluded that the influence of the nature of 

the polymer chain on the ionochromic response is determinative in terms of selectivity. The 

electrochromic effect was highlighted both by cyclic voltammetry and by recording spectro-

electrochemical diagrams. It has been found that each of the receptors for the electrical potential 

grafted onto the polymer chain induces a specific electrochromic behavior. For the phenoxazine-

based polymer, the electrochromic effect was obtained at 0.8 V, for the triphenylamine-based 

polymer at 1 V, while the carbazole-based polymer required a voltage of 1.2 V to give an 

electrochromic response. The best color contrast was obtained in the case of the polymer containing 

triphenylamine as electrochromic receptor, when the reversible color transition from colorless to 

blue took place. Therefore, it is the best candidate for use in development of intelligent windows 

meant to save energy consumption and increase our daily comfort. In the desire to obtain intelligent 

materials with chromic response to two or even three external stimuli, three copolymers containing 

two receptors - photochromic and ionochromic or ionochromic and electrochromic or three 

receptors, respectively photochromic, ionochromic and electrochromic were synthesized. It was 

found that the copolymers gave a better ionochromic response than the polymers containing the 

same ionochromic receptor. Also, the electrochromic effect was higher, clearer and more stable in 

the case of the copolymer containing the carbazole receptor compared to the corresponding 

polymer. In contrast, the performance of the trans-cis photoisomerization process of the copolymers 

containing the azobenzene photochromic receptor decreased significantly compared to that of the 

corresponding polymers. The photoinduced isomerization of azobenzene leads to conformational 

changes that generate a unique behavior of polymeric chains movement, making possible to 

produce micro- or nanostructured surfaces. Therefore, the nano-structuring capacity of the film 

surfaces of some photochromic polymers reported in Stage 2 was studied under the action of laser 

radiation. Two energy densities were used, 45 and 10 mJ/cm2, the film surfaces being irradiated 

with 10 or 100 pulses. AFM measurements indicated that the polymer structure and irradiation 

conditions greatly influence the geometry of the surfaces. 

Some of the results obtained during the development of Stage 3 of the SMARTCrom project 

were disseminated into 4 scientific events, in the form of 2 conferences and 7 communications, 7 

papers published in ISI or BDI journals, as well as 1 paper and 1 book chapter sent for publication. 

Moreover, part of the results was included in one PhD thesis, which was defended by one of the 

project team's PhD students in October 2019. 
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