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Structure characterization  

The visualized morphology of the carbon sample was characterized by field 

emission scanning electron microscopy (FESEM; Hitachi S-4800, operated at a 

voltage of 10 kV). High-resolution transmission electron microscope (HRTEM) 

images and selected area electron diffraction (SAED) pattern were performed with a 

JEM-2100F unit. X-ray diffraction (XRD) pattern was obtained on a Rigaku 

D/MAX2500V with Cu Kα radiation. Raman spectrum was recorded at ambient 

temperature on a Spex 1403 Raman spectrometer with an argon-ion laser at an 

excitation wavelength of 514.5 nm. The specific surface area and pore structure of the 

carbon sample were determined by N2 adsorption-desorption isotherms at 77 K 

(Quantachrome Autosorb-iQ). The specific surface area was calculated by the BET 

(Brunauer-Emmett-Teller) method. Pore size distribution were calculated by using a 

slit/cylindrical nonlocal density functional theory (NLDFT) model.  

The electrochemical measurements conducted in a three-electrode system 

A three electrode system was executed in the prepared electrolytes with a counter 

electrode of platinum foil (6 cm2) and a reference electrode of saturated calomel 

electrode (SCE), and the three electrode experimental setup taking a 1 mol L−1 KNO3 

aqueous solution as electrolyte was used in cyclic voltammetry (abbr. CV) and 

galvanostatic charge-discharge (abbr. GCD) and electrochemical impedance 

spectroscopy (abbr. EIS) techniques measurements on an electrochemical working 

station (CHI660D, ChenHua Instruments Co. Ltd., Shanghai). The EIS measurements 

were carried out in the frequency range from 100 kHz to 0.01 Hz at open circuit 

potential with an ac perturbation of 5 mV. 

For non-linear GCD plots, specific capacitances derived from them can be 

calculated from the equation: 
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where C (F g−1) is the specific capacitance; I (A) is the discharge current; t (s) is the 
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discharge time; dU t∫  is the integral current area, where U (V) is the potential with 

initial and final values of Ui and Uf, respectively; and m (g) is the mass of active 

materials loaded in working electrode. 

The preparation of electrode and electrochemical measurements conducted in a 

two-electrode system 

In a two-electrode cell, a glassy paper separator was sandwiched between two 

electrodes, and each electrode contains a mixture of 80 wt% the carbon sample, 15 

wt% graphite and 5 wt% polytetrafluoroethylene (PTFE) binder. Graphene paper 

serves as the current collector.  

Specific energy density (E) and specific power density (P) derived from 

galvanostatic tests can be calculated from the equations: 
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E is the energy density; I is the current and M is the total active mass of both 

electrodes; ∫Vdt is the galvanostatic discharge current area; P is the power density and 

t is the discharge time. 

For non-linear GCD plots, energy efficiency (ηE) was calculated using the 

equation: 
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where ∆tint/c and ∆tint/d are the integral charging and discharging time, respectively.  
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 Properties 

Formula Mg 

Formula Weight: 24.31 g/mol 

Assay 99.98% trace metals basis 

Form Shavings 

Particle size   4-30 mesh  

Melting point 648 °C (lit.) 

Density 1.74 g/mL at 25 °C(lit.) 

Vapor pressure   1 mmHg ( 621 °C) 

TEST                                  Specification 

Appearance (Color) Conforms to Requirements 

Particle Size Distribution +4,+10,+30 mesh 

ICP Major Analysis Confirms Magnesium Component 

Trace Metal Analysis ≤ 300.0 ppm 

X-Ray Diffraction Conforms to Standard Pattern 

Purity Meets Requirements 

 

Table S1: The information of magnesium powder 
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Figure S1. The Carbon-blank sample when measured in a three-electrode system: (a) 

CV curves at different scan rates; (b) GCD curves at different current densities. 
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Figure S2. The AQS-10, KI-10 samples measured in a three-electrode system: (a,c) 

The CV curves at different scan rates; (c,d) The linear relationship between current 

densities and scan rates. 
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In order to further evaluate the stability of supercapacitors more accurately. The 

floating test was also applied to the supercapacitors.1,2 To put it simply, the 

Carbon-blank and AQS:KI-1:1 samples were performed between 0 V and 1.8V 

utilizing a constant current density of 1 A g-1. Every 4h of adding, five GCD cycles 

were applied. Then, the specific capacitance was calculated from the first and fifth 

discharging time, respectively. These sequences were repeated 50 times, a total 

floating time of 200h. And the results are shown below: 
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Figure S3. The floating test of the Carbon-blank and AQS:KI-1:1 samples: The 

specific capacitance vs the floating time. 

 

The results indicate that the AQS:KI-1:1 sample still has a good stability. In 

addition, many researchers have also reported the redox active electrolyte is a simple 

but effective approach to improve the capacitive performance of supercapacitors and 

also exhibits the stable performance.3-5 
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Figure S4. The AQS:KI-1:1 sample measured in a two-electrode system: (a) The CV 

curves before/after 10000 cycles at 10 A g−1; (b) The GCD curves before/after 10000 

cycles measured at 20 mV s−1. 
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In order to make clear the relation of the capacity and the frequency of 

supercapacitor, the picture of the imaginary part (C") of the capacitance vs. the 

frequency has been shown according to following equation: 

           

Where Z' is the real parts of the impedance spectrum and |Z(ω)| is the impedance 

modulus.6 The C" value corresponds to energy dissipation of the capacitor by an 

irreversible faradaic charge transfer process, which can lead to the hysteresis of the 

electrochemical processes.7-9 
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Figure S5. Imaginary part of capacitance (C") vs. frequency dependences 

 

According to the results of the above picture, the C" achieve a maximum at a 

particular frequency of 0.261 Hz. And this frequency is called knee-frequency (fk). On 

the other hand, the fk determines the dielectric relaxation relaxation time (τ), which is 

an important parameter for the supercapacitors and can be calculated by the following 

equation:10  

 

It is generally known that the smaller value indicates a smaller time for the 

supercapacitors to reach the half of the low frequency capacitance, indicating the 

(5) 

(6) 
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better properties of the system.11 The relaxation relaxation time of the AQS:KI-1:1 

sample was calculated as 3.83s. And this value displays that the 50% of the system 

capacitance can be reached within a short time of 3.83s at a low frequency.  
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