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Thanks to the molecular design of compound exhibiting thermally activated delayed fluorescence (TADF), their 

lowest excited singlet and triplet states lie very close energetically. Their charge donating and accepting moieties are 

spatially separated [1]. This feature of these compounds can lead to the thermally activated upconversion from the latter 

to the former state through reverse intersystem crossing which is the inverse transition processes of phosphorescence [2]. 

In this work, four indolocarbazole-based compounds (abbreviated as 1IndCz, 2IndCz, 3IndCz and 4IndCz) were 

synthesized in high yields and studied as TADF emitters for non-doped organic light emitting diodes (OLEDs). 

Photophysical, photoelectrical, charge-transporting, and electrochemical properties of the compound have been 

examined. In addition, the temperatures of thermal transitions of four compounds were measured by thermogravimetric 

analysis and differential scanning calorimetry. Aggregation-induced emission enhancement for the studied compounds 

was proved by studying photophysical properties of their dispersions in THF/water mixtures [3,4]. The compounds 

exhibited efficient emission in solid state with the wavelengths of fluorescence intensity maxima ranging from 483 to 521 

nm and photoluminescence quantum yields ranging from 6 to 58%. Time-of-flight measurements showed that small 

differences in the molecular architecture can considerably change charge-transporting properties of the compounds. 

Compounds 1IndCz and 3IndCz were only capable of transporting holes, 4IndCz could transport both holes and 

electrons and maximum hole mobility reached 10-4 cm2/Vs at high electric fields. The optical band gaps of the solid 

samples were found to be in the range of 2.59-2.92 eV. Electrochemical properties of the derivatives were examined by 

cyclic voltammetry (CV) and according to the oxidation potentials using equation: )8.4(EIPCV  ox

onset  (eV), the 

ionization potential (IPCV) values of 1IndCz, 2IndCz, 3IndCz and 4IndCz were found to be 5.62, 5.79, 5.55 and 5.52 

eV, respectively. Additionally, photoelectron emission spectroscopy was used for the measurements of ionization 

potentials of the solid samples of the compounds in air. The values of IP in a relatively close range of 5.78-5.99 eV were 

observed. Multiple non-doped OLEDs were fabricated and electroluminescent characteristics of the compounds were 

studied using them as TADF emitters. The fabricated devices with non-doped light-emitting layers of 1IndCz, 2IndCz, 

3IndCz or 4IndCz were characterized by blue/sky-blue electroluminescence with CIE1931 coordinates of (0.25,0.47), 

(0.24,0.47), (0.19, 0.3) and (0.23, 0.4), respectively. The highest external quantum efficiency (EQEmax) of 4.8% was 

obtained for 2IndCz-based device. This value clearly exceeds the theoretical limit of EQEmax of 2.9 % assuming only 

conventional fluorescence with a photoluminescence quantum efficiency of 58 % from neat films of 2IndCz. Maximum 

current efficiency of 12.5 cd/A, maximum power efficiency of 8.8 lm/W and maximum brightness of 24807 cd/m2 were 

observed for 2IndCz-based device. Efficient injection of charge carriers from electrodes and the following transport to 

emitting layer was evidenced by relatively low turn-on voltages of all fabricated OLEDs. Turn-on voltage of devices were 

in the range of 4.1 to 5.1 V. 2IndCz-based device demonstrated the lowest turn-on voltage of 4.1 V. 
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