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A B S T R A C T 

 

The Stage 2 of SMARTCrom project in 2018 had as the main objective the development 

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

radiation or metal ions. To fulfill this objective 9 polymers with photochromic response were 

obtained as well as 4 polymers with ionochromic properties. Also, the investigations of physico-

chemical properties of the polymers, especially on the structure-property correlation and their 

performance were made. The synthesized polymers are based on new monomers which incorporate 

azobenzene unit as a photochromic receptor and on benzo-15-crown ether-5 or aminodipyridyl as 

an ionochromic receptor. The structural identification of the obtained monomers was made by 

spectral techniques including NMR and FTIR, which demonstrated incorporation of the designed 

receptors into the structures. By using the monomers with azo units 3 new series of heterocyclic 

photochromic polymers were obtained: the first series was based on AzoPh diamine and 3 

commercial available dianhydrides (3 polyimides); the second series was based on AzoNf diamine 

and the same 3 commercial available dianhydrides (3 polyimides); the third series was based on 

AzoPh diamine and 3 commercial available dialdehydes (3 polyimines). By using the monomer 

containing crown ether unit a series of ionochromic polymers was obtained which incorporate the 

imide structure (4 polyimides). The structural characterization of the photochromic/ionochromic 

polymers was made by NMR and FTIR techniques. All polymers were processed into very thin 

films (coatings) with the thickness in the range of tens of nanometers. These films were obtained by 

drop casting of dilute polymer solutions onto glass plates, quart or ITO; another technique to obtain 

coatings was the spin-coating on different substrates by using various speed rotations. The obtained 

films were used for SEM, cyclic voltammetry, UV-Vis spectroscopy and fluorescence studies. The 

initial decomposition temperatures and glass transition temperatures of the 

photochromic/ionochromic polymers are lower when compared to the support polymers (obtained 

in the Stage 1 of the project), due to the high free volume introduced by the 

photochromic/ionochromic receptors from the side chains; these receptors increase the interchain 

distances and determine reduced interactions between the polymer chains. Despite the lower 

thermal stability, the obtained polymers possess a thermal stability high enough for applications in 

optoelectronic devices or other related fields. The values obtained for the dielectric constant and 

dielectric loss, at various frequencies and temperatures, are relatively low (e.g. at 1 Hz and 25oC, 

ε’=3.08) and do not change significantly with the raise of temperature. The photochromic properties 

of Azo1-Azo9 polymers were investigated in solution and in film forms, by irradiation with an UV 

lamp at a wavelength of 365 nm. The electronic absorption spectra evidenced a pronounced 

decrease of the absorption bands characteristic to the trans isomer until a photostationary stage, 

along with an increase of the absorption band specific to the cis isomer, which is energetically 

disadvantaged. The maximum degree of photoisomerization of 76% in fluid state was reached after 

63s of irradiation; in solid state, the maximum degree of conversion of 51% of trans to cis isomer to 

the photostationary stage was reached in 600s. The ionochromic effect of Crown1-Crown4 

polymers was investigated by UV-Vis spectroscopy and cyclic voltammetry (CV) for Li+, Na+ and 

K+ metal ions. The ionochromic polymers selectively changed their UV-Vis absorption spectra 

depending on the nature of the metal ion and of the macromolecular architecture. In the CV curves, 

band shifts specific to the oxidation of the benzo-crown ether unit to lower or higher potentials were 

observed, depending on the strength of the electron acceptor effect of the imidic cycle or the 

complexation-induced polymer planarity. It has been concluded that the nature of the polymer chain 

has a determining influence on the photocromic/ionocromic response in terms of performance. 

Some of the results obtained during the implementation of Stage 2 of the SMARTCrom project were 

disseminated in the form of 12 oral presentations/posters, 4 papers published in ISI journals and 3 

papers submitted to a BDI journal. 


