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Self-powered sensing platform for monitoring uric acid in sweat based on cobalt nanocrystal-graphene quantum dot-Ti3C2TX monolithic film electrode with excellent supercapacitor and sensing behavior 
Li Ruiyi, Wei Mengyu, Zhou Xinyi, Li Zaijun* and Liu Xiaohao
Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and Material Engineering, School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, China
1. Experimental
1.1. Reagents and Materials
Cobalt Chloride (CoCl2) (99.99%), arginine, uric acid citric acid, and K4Fe(CN)6 (>99.95%) and were purchased from Sigma-Aldrich Company. Phosphate-buffered solution (PBS, Na2HPO4-NaH2PO4-KCl, 0.1 M, pH 7.4) was prepared in the laboratory. Polyvinyl alcohol (PVA) was purchased from Shanghai Macklin Biochemical Co., Ltd. Ti3AlC2 (400 mesh) was purchased from 11 Technology Co. Ltd. The PVA/H2SO4 gel electrolyte was prepared by adding 2 g of PVA in 20 mL of deionized water. Kept it at room temperature for 24 h and then heated at 95 C with stirring until a clear homogeneous solution was formed. Added 10 mL of 1 M H2SO4 solution under stirring and cool down to room temperature. The deionized (DI) water was produced by using Millipore Milli-Q grade with a resistivity of 18.2 MΩ cm-1.
1.2. GQD+ preparation
Arginine and citric acid was mixed with with a molar ratio of 1:1 and then heated at 160oC for 5 h. The formed GQD crude product was dissolved in water to produce a 100 mg·mL-1 of GQD solution. Followed by centrifugation at 10000 rpm for 2.5 min and dialysis. The collected solution was acidified to pH 1 by 1 M HCl solution and then freeze-dried to obtain solid GQD+ solid product.
1.3. Material characterization
Scanning electron microscope (SEM) analysis was carried out in HITACHI S-4800 field emission scanning electron microscope. Transmission electron microscope (TEM) images were conducted on a JEOL 2010plus transmission electron microscope at 200 keV. The sample was prepared by dispensing a small amount of dry powder in ethanol. Then, one drop of the suspension was dropped on 300 mesh copper. X-ray diffraction (XRD) pattern was measured on X-ray D8 Advance Instrument operated at 40 kV and 20 mA and using a Cu Kα radiation source with λ=0.15406 nm. X-ray photoelectron spectroscopy (XPS) was carried out in a PHI 5700 ESCA spectrometer with mono chromated Al KR radiation. Infrared spectrum (IR) was tested using Nicolet FT-IR 6700 spectrometer. Atomic force microscopic (AFM) images were taken by Multimode 8 Force Microscope (Bruker, Germany). UV-visible diffuse reflectance spectra (DRS) was measured on Shimadzu UV-3600 Plus. Zeta potential measurements were completed at ZetaPALS(Brookhaven Instruments, Inc).
1.4. Electrochemical measurements
[bookmark: _Hlk110804139][bookmark: _Hlk110804004]Classical three-electrode system and symmetrical supercapacitor were prepared and used for examining the electrochemical properties of Co-GQD-Ti3C2TX film electrode. The three-electrode system includes one Co-GQD-Ti3C2TX film working electrode (1cm×1cm), one platinum foil (1cm×1cm) counter electrode, and one saturated calomel electrode reference electrode. The aqueous solution of 1 M H2SO4 was used as the electrolyte.
Cyclic voltammogram (CV), chronoamperometry, electrochemical impedance spectroscopy (EIS) and galvanostatic charge/discharge curves were carried on CHI 660D electrochemical workstation. The EIS measurements used the potential amplitude of ±5 mV and frequncy range of 0.01-105 Hz. The specific capacitances of three-electrode system and symmetrical supercapacitor were caluated using reported formula.
For the three-electrode testing system, the specific capacitance of single electrode (Cg) can be calculated by the equation (1) [1]. Here, Cg, I, m, V, and t present gravimetric capacitance (F g-1), current (A), active mass (g), potential range (V) and discharging time (s), respectively.

For the symmetric supercapacitor, the specific capacitance (Cg2, F g-1), energy density (Eg, Wh kg-1), and power density (Pg, W kg-1) can be calculated by the equations (2), (3) and (4), respectively [1]. In the equation (2) and (3), the I, V and t are the current (A), mass (g) of active material (g), potential range (V) and discharging time (s), respectively.



2. Figures and Tables
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Fig. s1 Scheme for construction of self-charging supercapacitor
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Fig. s2 Optical photograph of electrochemical chip
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Fig. s3 Scheme for synthesis of GQD+
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Fig. s4 Optical photograph of the Ti3C2TX hydrogel containing 10%GQD+ (a) and 20%GQD+ (b) after centrifugation at 5000 rpm for 5 min
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Fig. s5 AFM image of Ti3C2TX hydrogels
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Fig. s6 Raman spectrum (A) and FTIR spectrum (B) of Co-GQD-Ti3C2TX film
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Fig. s7 Nyquist plots of GQD, GQD-Ti3C2TX and Co-GQD-Ti3C2TX electrodes in 1.0 mM K4Fe(CN)6 in the PBS of pH 7.4. Inset: equivalent circuit from the EIS measurements
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Fig. s8 CV curves at the scan rate of 10 mV s-1 (A) and chronoamperometry curves (B) of Co-GQD-Ti3C2TX film electrode in 1 M H2SO4 electrolyte within different potential ranges
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Fig. s9 Charge-discharge curves (A) of three-electrode testing system at the current densities of 1, 2, 5, 7, 10, 15, 20, 25, 30, 35, 40, 45 and 50 A g-1 and the plot of specific capacitance vs. the current density
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Fig. s10 DPV curves in 100 M uric acid at pH values of 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5 and 9 (A) and relationship curve between peak potential on the DPV curves and pH value (B)
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Fig. s11 Absorption spectra of GQD+ at different pH values in the range from 5 to 9
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Fig. s12 Peak currents for ten consecutive measurements
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Fig. s13 Peak currents for different storage time
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Fig. s14 Peak currents in different coexisting species
Table s1 comparison of supercapacitor behavior of MXene-based supercapacitors
	Electrode materials
	Electrolyte
	Test system
	Specific capacitance at 1 A g-1 (F g-1)
	Energy density
(Wh kg-1)
	Ref.

	Blade coating MXene film
	3M H2SO4
	Three-electrode
	347
	/
	[1]

	Folded structured MXene film
	1M H2SO4
	Three-electrode
	345
	/
	[2]

	
	PVA/H2SO4
	Symmetrical supercapacitor
	/
	14.1
	

	MXene/polyaniline film
	1M H2SO4
	Three-electrode
	661
	/
	[3]

	
	PVA/H2SO4
	Symmetrical supercapacitor
	146.4
	17.5
	

	MXene/graphene film
	1M H2SO4
	Three-electrode
	337.4
	/
	[4]

	
	PVA/H2SO4
	Symmetrical supercapacitor
	63.6
	19.7
	

	Ti3C2TX/carbon nanotube/CuS Film
	PVA/H2SO4
	Symmetrical supercapacitor
	336.7
	12.7
	[5]

	Porous polypyrrole/Ti3C2TX/alginate aerogel
	2M H2SO4
	Three-electrode
	457
	
	[6]

	
	2M H2SO4
	Symmetrical supercapacitor
	200 mF cm-2
	
	

	Modified Ti3C2TX with hyperbranched polyethylene ionomers
	EMIMBF4
	Symmetrical supercapacitor
	220
	
	[7]

	Co-GQD-Ti3C2TX
	1M H2SO4
	Three-electrode
	715 F g-1 at 1 A g-1 and 528 F g-1 at 10 A g-1
	
	This
Work

	
	PVA/H2SO4
	Symmetrical supercapacitor
(without current collector, conductive agent and binder)
	296 F g-1 at 1A g-1 and 180 F g-1 at 10 A g-1
	29.6 W h kg-1 at 299.9 W kg-1
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