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Abstract: This study investigates the design and synthesis of fish-shaped structures based on carbazole derivative 

for applications in light-emitting electrochemical cells (LEECs). A thermally activated delayed fluorescence 

(TADF) carbazole derivative was synthesized as an emitter in the active layer using a coupling reaction technique. 

[Ir(buoppy)2(dmapzpy)]PF6 was employed as a promising host, resulting in high-performance LEECs with 

enhanced brightness of 4952 cd.m-2 and an external quantum efficiency (EQE) of 4.09%. The synthesized dye 

exhibited a lower singlet-triplet energy splitting (ΔEST) value of 0.06 eV compared to other reported counterparts, 

with reverse intersystem crossing (RISC) dominating its photophysical behavior. The crystalline dye demonstrated 

mechanochromic behavior, as its photoluminescence (PL) spectrum red-shifted upon mechanical stimulation. This 

mechanochromic behavior was also observed in the fabricated LEECs, and the tribological properties were further 

investigated. 
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1. INTRODUCTION  

Thermally activated delayed fluorescent (TADF) materials have emerged as promising candidates for 

next-generation organic light-emitting diodes (OLEDs), as they can achieve near-unity internal quantum 

efficiency without expensive heavy metal doping [1]. Among the various TADF frameworks, carbazole 

derivative have attracted much attention due to their excellent electronic properties, high triplet energy 

levels and strong hole transport ability [2]. Carbazole, with its rigid planar structure and electron-rich 

nature, serves as an effective donor moiety in donor–acceptor (D–A) systems, enabling efficient reverse 

intersystem crossing (RISC) from the triplet excited state (T1) to the singlet excited state (S1), thereby 

improving electroluminescence performance [3],[4]. The versatility of carbazole-based TADF emitters 

is due to their tunable photophysical properties, which can be adjusted by functionalizing the carbazole 

core with different acceptor moieties, such as benzophenone, triazine or cyano groups. These molecular 

modifications enable precise control of the singlet–triplet energy gap (ΔEST) and optimize the efficiency 

of exciton utilization in OLEDs [5],[6]. In addition, carbazole derivative have demonstrated remarkable 

stability, making them ideal for solution-fabricated and vacuum-deposited device architectures. Recent 

advances in the design and synthesis of carbazole-based TADF materials have led to the development 

of highly efficient blue, green and red emitters that overcome one of the biggest challenges in OLED 

research: achieving stable and efficient blue emission. In addition, the integration of carbazole units into 

hybridized local and charge transfer (HLCT) emitters has further improved the efficiency of the devices 

by balancing the radiative decay processes [7]. In this study, the basic design principles, synthesis 

strategies and optoelectronic properties of TADF-carbazole derivative are examined, highlighting their 

role in improving OLED performance. In addition, recent developments in host–guest systems, device 

engineering and stability considerations are discussed to provide insight into the future prospects of 

carbazole-based TADF materials for advanced display and lighting applications. 
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2. CHEMICAL STRUCTURE OF DYE AND SYNTHESIS  

The synthesis route of 10-(10-(4-(3,6-di-tert-butyl-9H-carbazol-9-yl)phenyl)-9,10-dihydroanthracen-9-

yl)-10H-phenoxazine (Figure 1) is reported in Ref [8]. Taking into account the chemical structure of 

dye, a triphenylamine-based core with extended π-conjugation enhances electronic delocalization. The 

presence of a methoxy group (-OMe) acts as an electron donor and influences the HOMO-LUMO gap. 

The structure indicates a possible use in optoelectronics, e.g. in LECs. The electron-rich nature and the 

donor groups indicate possible charge transport properties. This molecule is likely intended for 

applications in organic electronics, including hole-transporting materials. 

 
Figure 1. Molecular structure of dye [8]. 

3. ELECTROLUMINECENCE AND EFFECT OF SIMULATION  

The schematic device structure of LEEC is shown in Figure 2. From left to right in the picture: ITO 

(indium tin oxide) as a transparent conductive anode. Transmits the emitted light while injecting holes 

into the device. Often used as the bottom electrode in optoelectronic devices. TFB (poly(9,9-

dioctylfluorene-co-N-(4-butylphenyl)diphenylamine)) as a hole transport layer (HTL). It facilitates the 

transport of holes from ITO to the emitting layer and improves the performance of the device by 

equalizing the charge injection. The active layer is [Ir(buoppy)₂(dmapzpy)]PF₆ + dye, which is the 

central light-emitting layer. It contains a cationic iridium(III) complex, which serves as the emitter. The 

dye is mixed with the iridium complex to change the emission color or to improve the photophysical 

properties (e.g. PLQY). PF6
− is the counter anion, that is important for ion mobility and the formation 

of the electrical double layer during operation. Al (aluminum) as the cathode material that feeds 

electrons into the emitting layer. Is usually deposited by thermal evaporation. The injection of charges 

into the emitting layer is driven by an external bias voltage. When a voltage is applied, electrons are 

injected from the Al cathode and holes from the ITO anode [9]. The device forms a p-i-n junction due 

to ion redistribution, which leads to recombination and light emission. Furthermore, the ions in the 

emitting layer (PF6
− and the cationic iridium complex) migrate to the respective electrodes. This ion 

movement forms electrical double layers at both electrodes, reducing the injection barriers. Electrons 

are injected from the aluminum cathode and holes from the ITO/TFB side. The charges recombine in 

the emitting layer, resulting in electroluminescence [8]. After deposition of the emitter layer consisting 

of [Ir(buoppy)₂(dmapzpy)]PF₆ blended with a dye, the layer was exposed to toluene vapor for 2 minutes. 

This solvent vapor annealing process was employed to stimulate rearrangement, enhance film 

uniformity, and promote better molecular organization within the emissive layer. Such treatment can 

improve charge transport, phase separation, and overall electroluminescent performance of the device 

[10]. This stimulation can improve the efficiency of the device because: 1. Improved molecular packing 

and crystallinity The vapor from solvents allows the molecules in the emitter layer to reorganize or self-

assemble into more ordered structures. Better molecular packing can improve charge transport, reduce 

trap states and promote the efficient formation and recombination of excitons. 2. Improved phase 

separation a mixture of emitter and host/dye, controlled stimulation promotes optimal phase separation 

at the nanoscale. This results in balanced charge injection and transport and minimizes losses due to 

charge recombination [9]. 3. Smoother film morphology the surface roughness can be reduced by vapor 

annealing, resulting in a more uniform and defect-free film. This improves the contact quality with the 

adjacent layers (such as HTL and cathode) and increases the efficiency of charge injection. 4. Reduction 

of residual solvents Controlled stimulation contributes to the evaporation of residual solvents trapped in 

the film, which could otherwise act as non-radiative recombination centers and reduce device lifetime 

and efficiency. 5. Improved energy transfer in cases where energy transfer between host and guest (or 
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dye) is required, post-treatment improves the molecular interaction and promotes more efficient Förster 

or Dexter energy transfer. 6. Formation of a p-i-n junction (specific for LEECs) For LEECs, ion 

redistribution is key for the formation of the p-i-n junction in situ. An optimized and homogeneous film 

contributes to faster and more stable formation of the junction and improves turn-on time and brightness 

[11]. This stimulation (e.g. by solvent vapor or thermal treatment) can also improve the tribological 

properties of a film. This process changes the structure and surface of the film, resulting in better 

mechanical performance. The main effects include: Improved molecular packing – makes the film 

denser and more wear resistant. Smoother surface – reduces friction between contacting surfaces. 

Stronger adhesion to the substrate – prevents peeling or delamination under stress. Improved mechanical 

stability – increases durability and resistance to deformation [12], [13]. 

 
Figure 2. The devices structure.  

In Figure 3-a, the EL spectra show almost identical peak positions (477 and 492 nm at 9 V) for both 

cases. Stimulation does not significantly change the emission color but slightly increases the intensity, 

suggesting better efficiency of charge recombination due to the improved film. In addition, the 

stimulated device (red line) in Figure 3-b shows higher current density than the unstimulated one at the 

same voltage, and stimulation improves charge transport and injection, probably due to smoother film 

morphology and better molecular organization, resulting in lower resistance and increased carrier 

mobility. The stimulated device achieves higher brightness at lower voltages. The improved film 

uniformity and charge equalization lead to more efficient exciton formation and radiative recombination, 

resulting in higher luminance at a given driving voltage (see Figure 3-c), when the turn-on voltage values 

of 8.24 and 8.46 V were achieved in tandem and the maximum brightness values of 4952 and  

4634 cd.m-2 were reported for non-stimulated and stimulated devices, respectively. The summary of 

extracted values from EL properties are listed in Table 1. In addition, the stimulated device exhibits 

higher current efficiency over the entire brightness range, and the improved film quality decreases non-

radiative losses and improves electron-hole recombination, resulting in better efficiency of electrical-to-

optical light conversion in Figure 3-d. The EQE was improved when the devices were stimulated, and 

the maximum EQE was achieved at 4.71%. 

Table 1. The extracted results from electroluminescence properties. 

 

Device 

Turn 

on V, 

(V) 

Maximum 

brightness, 

(cd.m-2) 

Maximum 

CE, 

(cd.A-1) 

Maximum 

PE, 

(lm.W-1) 

Maximum 

EQE, (%) 

Maximum 

EL, nm 

@ 9 V 

No stimulation 8.24 4952 9.11 5.08 3.69 477 

With stimulation 8.46 4634 11.64 6.56 4.71 492 
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Figure 3. a) EL spectra, b) Voltage vs current density, c) voltage vs brightness, d), e), f) brightness vs CE, PR 

and EQE. 

4. CONCLUSION 

In this study, a novel carbazole derivative with thermally activated delayed fluorescence (TADF) was 

successfully synthesized and used as an active emitter material in LEECs. Integration of this dye with 

the host [Ir(buoppy)₂(dmapzpy)]PF₆ resulted in high electroluminescence performance. Solvent vapor 

stimulation with toluene significantly improved the film morphology, molecular organization and 

charge transport properties, resulting in improved current efficiency (11.64 cd.A-1), power efficiency 

(6.56 lm.W-1) and external quantum efficiency (4.71 %). The post-deposition stimulation treatment not 

only improved the optoelectronic properties of the device, but also contributed to better tribological 

behavior through smoother surfaces, stronger film adhesion and increased mechanical stability. 

Although the maximum brightness decreased slightly compared to the non-stimulated device, the overall 

performance metrics including EQE, CE and PE were significantly improved, confirming the 

effectiveness of the stimulation process. These results highlight the promising potential of combining 

TADF emitters with solvent vapor tempering strategies to develop efficient, stable and high performance 

LEECs for future optoelectronic applications. 
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