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Experimental Details 

1. Materials and Reagents  

Glucose, potassium hydroxide and absolute ethyl alcohol were purchased from Tian-

jin Fengchuan chemical reagent technology Co., Ltd, Tianjin, China. L-cysteine was ob-

tained from Tianjin Xianshuigu industrial park, Tianjin, China. Methylene blue was pur-

chased from Shanghai reagent Co., Ltd, Shanghai, China. Hydrochloric acid was pur-

chased from Luoyang Haohua chemical reagent Co., Ltd, Luoyang, China. The reagents 

in this work were used without further purification. The solutions were prepared with 

distilled water all the experiments. 

2. Characterization 

The morphologies and structures of the samples were analyzed by scanning electron 

microscope (SEM, Quanta250, FEI, Hillsboro, USA) with an energy-dispersive spectrom-

eter (EDS) and transmission electron microscope (TEM, JEM2100, JEOL, Tokyo, Japan). 

For SEM, the maximum pressure of the sample chamber was 2600Pa, and the accelerating 

voltage was 200V-30kV. The maximum acceleration voltage of TEM was 200kV. The sur-

face functional groups of the samples were tested by fourier transform infrared spectrum 

(FTIR, Nicolet 6700, Thermo Fisher, Waltham, USA), and the spectrum range was 4000-

350 cm-1. The X-ray diffraction (XRD, D8 ADVANCE, Bruker) was performed at a scan 

rate of 10°/min to analyze the phase structure. The molecular and crystal structure was 

characterized by micro laser Raman spectroscopy (Raman, inVia Reflex, Renishaw, Lon-

don, UK). The specific surface area, pore volume and pore size distributions of the carbon 

samples were calculated by using an automatic specific surface and porosity analyzer 

(Autosorb iQ 2 MP-XR, Quantachrome, Boynton Beach, USA). 

3. Kinetics, Isotherms, Thermodynamics Equations 

3.1. Kinetics Models of Adsorption 

Pseudo-Second-Order Equation 

The pseudo-second-order equation was shown as the equation (1). 
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Where, t was adsorption time, qe was the equilibrium adsorption quantity, qt was the 

adsorption quantity at time t, and k2 was the second-order reaction rate constant. 

3.2. Internal Diffusion Equation 

The internal diffusion equation was shown as the Equation (2). 
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Where, kp was the internal diffusion rate constant. 

3.3. Isotherms Models of Adsorption 

3.3.1. Lamgmuir Model 

The Lamgmuir model could be shown as Equation (3). 
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Where, qm was the maximum adsorption quantity, Ce was the equilibrium concentra-

tion of the adsorbate, and b was the Lamgmuir adsorption equilibrium constant. 

3.3.2. Fruenlich Model 

The Fruenlich model was shown in Equation (4). 
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Where, k and n were adsorption constants. The 1/n value of 0–1 indicated the easy 

adsorption processes, nevertheless, the 1/n larger than 2 indicated the difficult adsorption 

processes. 

3.4. Thermodynamics of Adsorption 

The thermodynamics parameters of adsorption could be calculated via the equations 

as follows. 

∆Gθ=-RTlnKd                                      (5)

Kd=
mq

e

CeV
                                          (6)

∆Gθ=∆Hθ - T∆Sθ                                    (7)

Where, ∆Gθ was the Gibbs free energy change, R was the gas constant 

(8.314J·mol−1·K−1), Kd was the equilibrium constant, m was the weight of the adsorbent, V 

was the volume of the solution, ∆Hθ was the adsorption enthalpy change, ∆Sθ was the 

adsorption entropy change. 
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Figure S1. TEM image of N,S-PCSS-1. 

 

Figure S2. Infrared spectroscopy of N,S-PCSs-1. 

 

Figure S3. (a) N2 adsorption/desorption curves and (b) pore size distribution curve of N,S-PCSs-3. 
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Figure S4. Adsorption thermodynamics of MB by N,S-PCSs-1. 

 

Figure S5. SEM image of N,S-PCSs-1/MB. 


