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Introduction 

 

As a renewable energy source, solar energy is a very important way to solve environmental pollution and deficiency of current energy. Investigations into and development of efficient and cheap solar 

cells is a technological area where traditional silicon-based solar cells have been successfully commercialized regardless of some disadvantages. At this time, perovskite solar cells (PSCs) are regarded as 

one of the best alternatives to siliconbased  photovoltaic (PV) devices. The intense heat required to purify silicon, the high amount of CO2 emitted during this process, as well as difficultly in deposition on 

flexible substrates can be listed as drawbacks of silicon PV. PSCs possess strong light absorption, high bipolar charge transporting possibility, long carrier diffusion length and lifetime as well as low 

exciton binding energy. PSCs can be made with a low-temperature screen-printing process that is not only less energy-intensive but also less expensive. Moreover, it is believed that PSCs have lower 

carbon footprints and shorter energy payback periods than silicon. In this work, the carbazole functionalized oxetanes substituted with the 1-naphthyl, 9-ethylcarbazolyl and 4-(diphenylamino)phenyl units 

were synthesized and investigated.  

SCHEME 1. Synthesis of the carbazole-functionalized oxetane derivatives (4–6). 
.   

TABLE 1. Thermal characteristics of materials 4-6. 

FIGURE 1.  (a) CV curves of 4, 5, 6 in 0.1 M Bu4NPF6/CH3CN solutions. The measurements were 

performed with a platinum working electrode (Pt) and referenced against Fc/Fc+ couple, scanning 

rate 50 mV/s; (b) CV curves of 4 and 5 solution (1st and 2nd oxidation peaks). 

 

Conclusions 

 

The carbazole functionalized oxetanes substituted with the 1-naphthyl, 9-ethylcarbazolyl and 4-(diphenylamino)phenyl units were synthesized and investigated. Considering the impact of carbazole 

substituent structures it was found that:: molecules with 9-ethylcarbazol-3-yl (5) and 4-(diphenylamino)phenyl (6) substituents were obtained as amorphous materials. The presence of 9-ethylcarbazolyl 

(5) units raised the glass transition temperature by about 20 °C when compared with the others; 1-naphthyl (4) units increased  PL quantum yields both in solution and in film (87% in solutions and 9% in 

film), hypsochromically shifted λem, lowered the HOMO energy level to −5.86 eV, broadened the energy gap to 3.45 eV, and raised Jsc and Voc of the device compared to the reference cell; 9-

ethylcarbazolyl (5) moieties reduced the PL quantum yield, narrowed the bandgap to 3.25 eV and significantly reduced Jsc which negatively affected the PCE of the device; the 4-(diphenylamino)phenyl 

(6) substituents raised the HOMO energy level to −5.48 eV, which has a beneficial impact on Voc of device. It can be concluded that utilization of oxetane derivatives with 4- (diphenylamino)phenyl units 

in perovskite cell led to a 2.5 times increase in PCE values in relation to the reference device, likely due to its HOMO energy level best matching to perovskite. Further, chemical modification of this 

compound seems to be promising for improving its properties toward efficient hole transporting materials. 

 

FIGURE 2. Imposed UV–Vis and excitation spectra (dotted line) as well as PL 

spectra (solid line) for: (a) compounds (4, 5, 6) 

in chlorobenzene (PhCl); (b) compound 5 in various solvents such as: chloroform 

(CHCl3), chlorobenzene (PhCl), dichloromethane (CH2Cl2), methanol (CH3OH) 

and acetonitrile (CH3CN). 

TABLE 2. Electrochemical data for samples 4, 5, 6 recorded in 0.1 M Bu4NPF6/ CH3CN solution. 

Material Tg, °C Tm, °C Td, °C 

4 142 250 391 

5 162 - 383 

6 145 - 364 

FIGURE 3. Cross-section SEM image of  the reference (a) FTO/b-TiO2/m-TiO2/perovskite and with HTM (b) FTO/b-TiO2/m-

TiO2/perovskite/HTM (on the right) perovskite solar cells and the AFM micrograms of (c) FTO/b-TiO2/m-TiO2, (d) FTO/b-TiO2/m-

TiO2/perovskite,  (e) FTO/b-TiO2/m-TiO2/perovskite/4 (with 17.50μL Li-TFSI), (f) FTO/b-TiO2/m-TiO2/perovskite/6 (with 35.00μL Li-TFSI) 

and (g) FTO/b-TiO2/m-TiO2/perovskite/5 (with 8.75μL Li-TFSI).  
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