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Characterizations

TEM image was obtained on a JEM-2100F electron microscope with an accelerating 

voltage of 200 kV. The morphology and structure of the as-prepared samples were 

investigated by JEOL 6701 field-emission scanning electron microscope (JEOL 6701, 

Japan) and energy dispersive X-ray spectroscopy. The XPS spectra of as-prepared 

samples were examined on a PerkineElmer PHI-5702 multifunctional X-ray 

photoelectron spectroscope (XPS, Physical Electronics, USA). The structures of the 

as-prepared samples were analyzed with XRD (DX2700, China) at a scan rate (2θ) of 

2o min-1 ranging from 5o to 80o, operating at Cu Kα radiation (l=1.5418 Å) with an 

accelerating voltage of 40 kV and an applied current of 30 mA. The mechanical 

properties of composite films and supercapacitor devices were measured by using a 

Dynamic Mechanical Analyzer (TAG92-DMA Q800), and all the samples were tested 

at room temperature. All the electrochemical tests were performed using a CHI 760E 

electrochemical workstation.

Calculations

The electrochemical properties of the CoS1.097/GF composite and the control 
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electrodes were measured using a three-electrode system in a 6 M KOH aqueous 

solution. The prepared samples were used as the working electrodes, Pt foil as the 

counter electrode, and Hg/HgO electrode as the reference electrode, respectively. The 

specific capacitances of the CoS1.097/GF composite and the control electrodes were 

calculated from their galvanostatic charge/discharge (GCD) curves according to the 

following equation:

                                                          (1)
𝐶 =

𝐼Δ𝑡
𝑚Δ𝑉

Where C is the specific capacitance (F g-1), I is the discharge current (A), Δt is the 

discharge time (s), m (g) is the total mass of the working electrode and ΔV is the 

voltage window (V). 

The CoS1.097/GF||GF a-EC devices were measured in a two-electrode configuration. 

The specific capacitances of the CoS1.097/GF||GF a-EC devices were calculated from 

their galvanostatic charge/discharge (GCD) curves according to the following 

equation:

                                                          (2)
𝐶 =

𝐼Δ𝑡
𝑚Δ𝑉

Where C is the specific capacitance (F g-1), I is the discharge current (A), Δt is the 

discharge time (s), m (g) is the total mass of the anode and cathode electrodes and ΔV 

is the voltage window (V). 

The energy density and power density of symmetrical supercapacitor systems were 

calculated using the following equations:

                          
𝐸 =

𝐶𝑡 Δ𝑉2

2 × 3.6

(3)                              
𝑃 =

𝐸
𝑡

(4)

Where E (Wh kg-1) is the energy density, P (W kg-1) is the power density of the 



CoS1.097/GF||GF a-EC devices, Ct (F g-1) is the specific capacitance of the whole the 

CoS1.097/GF||GF a-EC devices, which is equal to C/2. ∆V (V) is the voltage window, 

and t (h) is the discharge time, respectively.

Fig. S1 The size distribution of the CoS1.097 NPs on S/N co-doped RGO sheets.



Fig. S2 HRTEM images of S/N co-doped RGO sheets.

Fig. S3 SEM image of the carbonized MF (CMF).

Fig. S4 SEM image of the pure CoS1.097 nanoparticles.



Fig. S5 Elemental contents and atomic rate in the CoS1.097/GF composite.

Fig. S6 The water contact angle measurement for a) CoS1.097/GF composite film, b) 
pure graphene film.



 
Fig. S7 SEM images of (a) the surface of porous CoS1.097/GF composite fulfilled with 
KOH/PVA electrolyte, (b) high magnification of porous CoS1.097/GF composite 
fulfilled with KOH/PVA electrolyte.  

Fig. S8 (a) The stress-strain and (b) stress-deformation curves of 
CoS1.097/GF/KOH/PVA composite films with different PVA contents using the 
KOH/PVA as solid electrolyte.



Fig. S9 (a-b) CV and GCD curves of CoS/GF-600 composite electrode.

Fig. S10 (a-b) CV and GCD curves of CoS/GF-400 composite electrode.



Fig. S11 (a-b) CV and GCD curves of CoS1.097/GF-1:2 composite electrode.

Fig. S12 (a-b) CV and GCD curves of CoS1.097/GF-2:1 composite electrode.



Fig. S13 (Black bar) the conductivity of the pure GF, CoS1.097/GF, CoS/GF-600, 
CoS/GF-400, CoS1.097/GF-1:2 and CoS1.097/GF-2:1 composite film electrodes, 
respectively. (Red bar) the conductivity of the GF, CoS1.097/GF, CoS/GF-600, 
CoS/GF-400, CoS1.097/GF-1:2 and CoS1.097/GF-2:1 composite fulfilled with 
KOH/PVA film electrodes, respectively.



Table S1. Comparison of specific capacitance values of this work and those 
previously reported for metal sulfide/oxide electrodes.



Fig. S14 (a-b) CV and GCD curves of GF electrode.

Fig. S15 SEM image of the cross section of the CoS1.097/GF||GF a-EC film.



Fig. S16 (a) Leakage current and (b) self-discharge curves of the CoS1.097/GF||GF a-
EC device against time.

Fig. S17 The CoS1.097/GF||GF a-EC devices bended at different angles (0o, 30o, 60o, 
90o, 150o and 180o).



Fig. S18 The CoS1.097/GF||GF a-EC devices twisted at different angles (0o, 90o, 180o, 
270o and 360o).

Fig. S19 (a-b) CV and GCD curves of the CoS1.097/GF||GF a-EC device measured at 
different bending angles (0o, 30o, 60o, 90o, 150o and 180o).



Fig. S20 (a-b) CV and GCD curves of the CoS1.097/GF||GF a-EC device measured at 
initial and after 1000th bending tests.

Fig. S21 (a-b) CV and GCD curves of the CoS1.097/GF||GF a-EC device measured at 
different twist angles (0o, 90o, 180o, 270o and 360o).



Fig. S22 (a-b) CV and GCD curves of the CoS1.097/GF||GF a-EC device measured at 
the first and 100th twist tests.
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