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Organic light emitting diodes (OLEDs) based on thermally activated delayed fluorescence (TADF) materials 

without any noble metals are raising ever-increasing interest due to their potential in achieving 100% internal quantum 
efficiency (IQE) in theory via efficient up-conversion from non-radiative triplet (T1) to radiative singlet (S1) [1]. 

Efficient blue and green TADF emitters have been developed and the resulting OLEDs have achieved an external 

quantum efficiency (EQE) of over 20%. However, it is inherently difficult to design efficient long-wavelength TADF 

emitters, such as red  or near-infrared (NIR) emitters, due to the contradiction between small singlet–triplet energy 

splitting and a high fluorescence radiative rate (kSr) [2]. Another reason is that the overlap of vibration coupling between 

ground state and excited state will increase with decreasing of energy gap and thereby decreases the photoluminescence 

quantum yields (PLQYs) of the emitters according to the energy gap law [1]. To obtain NIR emission and to narrow the 

optical bandgap two kinds of molecular design strategies are generally employed. One is to extend the π-conjugation of 

chromophores, but it ultimately converges to a limited redshift for NIR emission, as well as the increased difficulty of 

synthesis, purification, and device fabrication. The other way is to construct NIR chromophores using donor-acceptor 

(D–A) molecular architecture, which is a class of promising NIR materials for NIR OLED applications, due to very 

wide band gap tunable range of the emissive state with charge transfer characteristics, along with ambipolar charge 
transport and easy device fabrication by vacuum evaporation [3]. 

During recent years, there has been an increasing interest in quinoxaline and its derivatives implemented as 

building blocks of π-conjugated compounds for use in multiple optoelectronic and photovoltaic applications. This is 

mainly due to its unique properties for efficient light emission and absorption, high charge carrier mobility and broad 

possibilities for color-tuning. These properties can be modified by selecting the appropriate structure of the π-

conjugated system and by introducing different side substituents including alkyl chains, aromatic rings and other 

functional groups. Quinoxaline itself is commonly used as an electron acceptor unit (A), which, being combined with 

different electron donor blocks (D), makes up for D-A type systems [4]. Quinoxaline has a weak electron withdrawing 

character. However, by fusing two weak electron-withdrawing units into one molecule, a strong π-accepting unit can be 

made to strengthen the acceptor capacity [1]. 

Frequently used electron donors are phenothiazine, phenoxazine, acridine, carbazole and their derivatives [5]. 
Phenothiazine and phenoxazine are strong electron donors, which give red emission [6]. Meanwhile acridine and 

carbazole are weaker donors and usually give blue emission, but their properties can be heavily modified by introducing 

various side alkyl- chains [5].  

In this work, four D-A type compounds were synthesized, which consists of two electron withdrawing groups 

(quinoxaline and cyano) and various electron donors, such as phenothiazine, phenoxazine, dimethyldihydroacridine, 

and carbazole derivatives. Their thermal, electrochemical, and photophysical properties will be reported. 

 

 
[1] LIANG, J., et al. Rational Design of Efficient Orange-Red to Red Thermally Activated Delayed Fluorescence Emitters for OLEDs with External 

Quantum Efficiency up to 26.0% and Reduced Efficiency Roll-off. J. Mater. Chem. C, 2020,8, 1614-1622. 

[2] YU, L., et al. Achieving a balance between small singlet–triplet energy splitting and high fluorescence radiative rate in a quinoxaline-based 

orange-red thermally activated delayed fluorescence emitter. Chem. Commun., 2016, 52, 11012. 

[3] WANG, C., et. al. Efficient Near-Infrared (NIR) Organic Light-Emitting Diodes Based on Donor–Acceptor Architecture: An Improved Emissive 

State from Mixing to Hybridization. Adv. Optical Mater. 2017, 5, 1700441. 

[4] LEDWON, P., et. al.  The effect of molecular structure on the properties of quinoxaline-based molecules for OLED applications. Dyes and 

Pigments, 173 (2020) 108008. 

[5] DIAS, F. B., PENFOLD, T. J., and MONKMAN, A. P. Photophysics of thermally activated delayed fluorescence molecules. Methods and 

Applications in Fluorescence, IOPsience, 2017, vol. 5(1), 012001. 

[6] GANESAN, P., et al. Methoxy Substituents Activated Carbazole-Based Boron Dimesityl TADF Emitters. Journal of Materials Chemistry C, 

Royal Society of Chemistry, 2020, vol. 8, 4780-4788. 


