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A B S T R A C T   

This study utilizes light adsorbing molecule, phenothiazine (PTZ) to reduce graphene oxide (GO) and func
tionalize into PTZ-rGO aerogel (PTZ-rGO). The UV excited PTZ reduces GO via electron transfer while PTZ is 
simultaneously oxidized and functionalized onto rGO to produce PTZ-rGO aerogel. The optimum incorporation 
of PTZ on rGO sheets renders good electrochemical active surface area of 495.71 m2 g− 1 and enhances the 
diffusion behavior up to 41.92%. This pseudocapacitive effect and the excellent surface property provide 
promising charge storage results of 235.5 F g− 1 at 0.5 A g− 1. Furthermore, the stable charge-discharge cycles 
with 92% capacitance retention after 10,000 cycles render it an excellent electrode material for supercapacitor 
fabrication.   

1. Introduction 

The advancement of charge storage systems ranging from conven
tional Li-ion batteries to supercapacitors have created an exponential 
leap for this technological era. Generally, batteries are well known for 
their high energy density, while capacitors excel in their power density 
[1–4]. Hence, by leveraging the advantages of both types of charge 
storage devices, supercapacitors are invented to hold a greater charge 
capacity like batteries without sacrificing the fast-charging properties of 
capacitors [5]. The current trend in supercapacitor electrode materials 
focuses on the pseudocapacitive materials, which possess stable charge- 
discharge cycles (adopted from electric double layer capacitor, EDLC) 
[6,7] and higher charge storage performance (adopted from battery) 
[8]. Due to the excellent EDLC performance in graphene-based electrode 
materials, modification of graphene has been made to achieve pseudo
capacitive behavior by introducing hetero compounds via functionali
zation or doping [9,10]. 

Doping of nitrogen and sulphur on reduced graphene oxide (rGO) has 
become one of the famous approaches for improving the charge storage 
performance in supercapacitors. The electron-rich nitrogen and sulphur 
are widely used as the dopant due to their contribution in enhancing 
electrical conductivity and eventually assist in charge transfer as the 
supercapacitors electrode materials [11,12]. This enhancement had 
been shown by Cao et al. with the N/S co-doping can reduce the charge 
transfer resistance from 2.4 Ω (rGO) to 0.52 Ω (N/S co-doped rGO) [13]. 
However, this doping technique is challenging as it operates under high 
temperature such as carbonization at 800 ◦C [14] or the requirement of 
costly instruments (inductively coupled plasma [15], and chemical 
vapor deposition [16,17] approaches), which is not feasible for all lab
oratories. Hence, the functionalization approach is more preferred due 
to its comparative performance as of doping technique with a more 
feasible experimental procedure. The facile one-pot hydrothermal 
method is widely used to functionalize rGO with N/S precursor, as 
shown by Liu et al., which uses 5-mercapto-3-phenyl-1,3,4-thiadiazole-2 

Abbreviations: PTZ, Phenothiazine; rGO, Reduced graphene oxide; DMSO, Dimethyl sulfoxide; EDLC, Electric double layer capacitor; XPS, X-ray photoelectron 
spectroscopy; XRD, X-ray diffraction; CV, Cyclic voltammetry; GCD, Galvanostatic charge-discharge; EIS, Electrochemical impedence spectroscopy. 
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