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S1. Materials and methods
S1.1 Chemicals
	Polyvinylidene fluoride (PVDF) powders were obtained from Alfa Aesar, South Korea. The chemicals, such as absolute ethanol and N-methyl pyrrolidone (NMP), were purchased from Dae Jung Chemicals Co., Ltd, South Korea. Deionized water (DI) with a resistivity of 18.2 MΩ was prepared using a Millipore system. All the chemicals used in this work are of research grade and were used without further purification.
S1.2 Physicochemical characterization
	The morphology of as-prepared GO, rGO, and F-Gr was examined using field emission scanning electron microscopy (FE-SEM, TESCAN MIRA3). High-resolution transmission electron microscopy (HR-TEM: Talos F200X G2) attached to the EDS Analyser was used to study the morphological and quantitative elemental analysis of GO, rGO, and F-Gr powders. To analyze the planar structure and lattice characteristics, X-ray diffraction (XRD) was performed with a Malvern Panalytical diffractometer (UK). Raman spectroscopy (DXR3xi, 532 nm excitation laser) was used to assess the graphitic nature of as-prepared materials. The chemical states of the surface elements were investigated using X-ray photoelectron spectroscopy (XPS) (ESCA-2000, VG Microtech Ltd.) at the Korea Basic Science Institute (Busan center). Atomic force microscopy (AFM) was performed using a Multimode 8-HR atomic force microscope to assess the surface topology.
S1.3 Electrochemical Characterisation
	Electrochemical measurements were conducted using an AUTOLAB PGSTAT302N electrochemical workstation for cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and electrochemical impedance spectroscopy (EIS) in coin cell configuration. Further details on device fabrication and additional experimental procedures can be found in the corresponding experimental sections. The temperature tolerance behaviour of the F-Gr IL-SSC device was recorded by using a temperature control chamber, as shown in Figure S10. The CV and EIS analysis was measured at various temperatures ranging from -10 to 80 °C, and its resilience is discussed by calculating the capacitive response. 
S2. Electrochemical characterization
S2.1 Supercapacitor device fabrication
	The as-prepared electrode materials F-Gr are mixed with PVDF binder at a ratio of 95:5 in an agate mortar to form a homogenous slurry. The slurry was coated on a stainless-steel substrate, and a coin-cell device was fabricated using a Celgard separator, and its performance was investigated in a TEABF4 electrolyte. The electroactive mass of the coated electrodes is calculated from the difference in mass between the substrate before and after the coating of the active materials (F-Gr), which is approximately ~1.2 mg. 
S2.2 Determination of specific capacitance from CV and GCD profiles
	The specific capacitance for the electrode and the F-Gr IL-SSC device was calculated using the relation [1]:
Cs = [ʃ IdV / (s ×∆V× M)] .......................... (1)
Cs = (I  td) / (M  V)       ………………. (2)
	Here, “Cs” is the specific capacitance (F g-1), “I” is the current (A), “s” is the scan rate (mV s-1), “∆V” is the potential window (V), “td” is the discharge time, and “M” is the mass of the electrode (g).
	The coulombic and energy efficiency were calculated by using the following equations; 
 .................... (3)
 ....................(4)
S2.3 Determination of energy and power density
The energy and power density for the F-Gr IL-SSC device were obtained using the relations:
E = (Cs × V2)/2 ……………….…… (5)
P = E/td   ………….………………..… (6)
	Here, “Cs” is the specific capacitance, “E” is the energy density, “P” is the power density, “td” is the discharge time, and “∆V” is the potential window.
S3. Computational analysis details
The density functional theory calculations are performed by using the Vienna ab-initio simulation package (VASP) with the projector augmented wave (PAW) method [2]. The generalized gradient approximation (GGA) with Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional was employed [3].GO and F-Gr structures are analyzed in detail during the optimization process; no constraints were applied to bonds, angles, or dihedral angles. For all the electronic structure calculations, the VASP code was used. The energies of the HOMO (Highest Occupied Molecular Orbitasl) and LUMO (Lowest Unoccupied Molecular Orbital) orbitals go a long way towards describing the physical and chemical properties. The difference in energy between these two orbitals is called the energy gap, and its energy value is given by 
-ΔEg = ELUMO − EHOMO…………… (7)
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Fig. S1 Raman analysis of Go, rGO and F-Gr.
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	Fig. S2 Overall FT-IR mapping for rGO.	
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Fig. S3 (A-B) HR-TEM images of GO measured at various magnifications.
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Fig. S4 (A-B) HR-TEM images of rGO measured at various magnifications
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Fig. S5 (A) Overlay micrograph and (B) elemental mapping of carbon, (C) oxygen, and (D) elemental spectra for GO obtained from HR-TEM analysis.
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Fig. S6 (A) Overlay micrograph, (B) Elemental mapping of carbon, (C) oxygen, and (D) Elemental spectra for rGO obtained from HR-TEM analysis.
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Fig. S7 Specific capacitance vs. extended voltage from 1.0 V to 3.0 V of F-Gr IL-SSC device calculated from the CV analysis. 
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Fig. S8 Specific capacitance vs. scan rate plot in F-Gr IL-SSC device.
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Fig. S9 Continuous charging and discharging profile of F-Gr IL-SSC device measured at 1.25 A g-1. 
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Fig. S10 Coulombic and energy efficiency plot at different current densities from GCD analysis of F-Gr IL-SSC device.
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Fig. S11 Analyzing the mechanism of self-discharge via voltage vs. t1/2 profile.
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Fig. S12 (A) Temperature chamber, (B) control unit, and (C) F-Gr IL-SSC device in temperature control chamber.











Table S1: Comparison of specific capacitance with F-Gr IL-SSC device and state-of-the-art SSC devices in ionic/organic electrolyte.
	S. No
	Electrode
materials
	Electrolyte
	Potential window (V)
	Specific capacitance (F g-1)
	Ref

	R1
	Activated carbon (AC) 
	BMPY-
TFSI
	     3.0
	16.3
	[4]

	R2
	Graphene / V2O5
	LiClO4
	2.5
	31.2
	[5]

	R3
	BDA/rGO
	TEABF4
	2.5
	33.5
	[6]

	R4
	Tris-rGO
	TEABF4
	3.5
	29.75
	[6]

	R5
	rGO
	[SET3] [TFSI] / GO 
	2.5
	25.9
	[7]

	R6
	MoSe2
	TEABF4
	3.0
	25.31
	[8]

	R7
	MoS3
	TEABF4
	3.0
	6.3
	[9]

	R8
	ReS2
	TEABF4
	2.0
	51.4
	[10]

	R9
	MoS2
	TEABF4
	3.0
	24.98
	[9]

	RT
	F-Gr
	TEABF4
	3.0
	50.1
	This work






Table S2: Comparison of energy density and power density of F-Gr IL-SSC device with reported SSC devices in ionic/organic electrolyte.
	S. No
	Electrode
materials
	Electrolyte
	Potential window (V)
	Energy density (Wh g-1)
	Power density
(W Kg-1)
	Ref

	R1
	Activated carbon (AC) 
	BMPY-
TFSI
	    3.0
	25
	5000
	[4]

	R2
	Graphene / V2O5
	LiClO4
	2.5
	10.92
	1034
	[5]

	R3
	BDA/rGO
	TEABF4
	2.5
	34
	 10000
	[6]

	R4
	Tris-rGO
	TEABF4
	3.5
	32
	1000
	[6]

	R5
	rGO
	[SET3] [TFSI] / GO 
	2.5
	17.7
	875
	[7]

	R6
	Graphene
	BMIMBF4
	4.0
	16.5
	1600
	[11]

	R7
	Silicon oxy carbide
	TEABF4
	3.0
	20.89
	750
	[12]

	R8
	Siloxene
	TEABF4
	3.0
	20.89
	8000
	[13]

	R9
	NiHCC-rGO
	 H2SO4
	1.55
	38.03
	20666
	[14]

	R10
	MnO2
	ZnSO4
	1.2
	40.42
	385
	[15]

	R11
	Gr
	ZnSO4
	2.0
	203
	4900
	[16]

	R12
	rGO
	TEABF4
	3.0
	38.07
	15000
	[17]

	RT
	F-Gr
	TEABF4
	3.0
	50.73
	18750
	This work
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