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Experimental Section
Chemicals Melamine was obtained from Tianjin Guangfu Fine Chemical research Institute. 
Cetyltrimethylammonium bromide (CTAB), Formaldehyde aqueous solution (37~40%) and 
Ammonium solution(25~28%) were  of  analytical  grade  and  purchased  from Sinopharm  Chemical  Reagent  
Co.Ltd.  Pluronic F127 was obtained from Sigma–Aldrich. All chemicals were used as received without any 
further purification. Deionized water was used for all experiment.

Synthesis of MF template 
MF spheres was synthesized using a hydrothermal way. 1.4g melamine and 2.0mL Formaldehyde solution was add 
to 100 mL deonized water and stirred at 50 ℃ for 40 min . After 40 min the clear solution was mixed with solution 
containing 2.0g of F127 and 200 mL deonized water. The mixture was stirred for 6h and transferred to teflon 
reactor without stirring and kept at 100 ℃ for 2 days then the obtained white solution was centrifuged and washed 
with ethanol, the obtained deposit donated as MF. 

Synthesis of N-PCHS

Core shell MF@RF spheres was synthesized using a modified method[1]. Generally the as obtained MF spheres 
was homogeneously dispersed in a mixture of deionized water (35mL) and ethanol (14mL) by ultrasonication , 
followed by adding of CTAB(1.15g) ,resorcinol (0.2g) and ammonium solution(0.05mL),  then kept stirring at 35 
℃. 30 min later 0.6ml formaldehyde solution was added into the dispersion. The mixture was stirred for 6h then 
cooled to room temperature and aged without stirring for 12h. The product was collected by centrifugation and 
washed with water for two times and ethanol for once. Then the products was dried at 80℃for at least 6h. The 
obtained sample was calcined under high-purity argon  stream and heated to150 ℃ at a rate of 10 ℃/min and kept 
in this temperature for 2h , then raised at 1 ℃/min to the final temperature and kept for 1h .

Synthesis RF spheres

 RF sphere was synthesized using the Liu’s method[2] for comparison. 0.1g resorcinol was added into a mixture 
containing ammonium solution (0.1mL) ,ethanol (8mL) and 20mL water, after stirred for 30 min, 0.14mL 
formaldehyde solution was added into the solution, the mixture was stirred for another 24 h, then the obtained RF 
spheres was collected through centrifugation and washed with water and ethanol then dried at 80℃.

Materials Characterization
SEM was performed on a Hitachi S-5200 electron microscope. TEM images were obtained on an FEI Tecnai G2 
F20s-twin D573 field  emission  transmission  electron  microscope  with  an accelerating  voltage  of  200  kV. 
Powder  XRD  patterns were  obtained  by  using  a  Rigaku  2550  diffractometer  with Cu  Ka radiation  
(λ=0.15418 nm). N2 adsorption-desorption isotherms were obtained at 77K on a Micromeritics ASAP 2020 
sorptometer. Samples were degassed at 150 ℃ for a minimum of 12 h prior to analysis.  The BET (Brunauer–
Emmett–Teller) surface area (BET) was calculated using the N2 adsorption isotherm data within the relative 
pressure ranging from 0.05 to 0.25. Total pore volume was obtained at a relative pressure of 0.995. Micropore 
volumes were determined according to theV–t plot method The pore size distributions (PSDs) and the 
ultramicropores volume were obtained from the N2 adsorption isotherms using the Original Density Functional 
Theory method.  The  IR spectra  were  acquired  using  a  Bruker  IFS  66  V/S  FTIR spectrometer. The X-ray 
photoelectron spectroscopy (XPS) spectra were acquired using an ESCALAB250 spectrometer.
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Fig. S1 SEM images of MF, MF@RF and TEM image of MF@RF spheres .

Fig. S2 TG curves of RF(red),MR(black),MF(blue) in nitrogen atmospheres at a heating rate of 10 ℃ from 30 ℃ 
to 800 ℃.

Fig. S3 FTIR spectrum of N-PCHS carbonized at 900℃



Fig.S4  X-ray photoelectron spectra(XPS) survey spectrum of N-PCHS carbonized at different temperature: 600 
℃(A), 700 ℃(B), 800 ℃(C), 900 ℃(D), the insert is the corresponding content of each element .



Fig.S5  X-ray photoelectron spectra(XPS) high-resolution spectra of N1s for N-PCHS carbonized at different 
temperature: 600 ℃(A), 700 ℃(B), 800 ℃(C), 900 ℃(D).

Fig.S6  X-ray photoelectron spectra(XPS) high-resolution spectra of C1s for N-PCHS carbonized at different 
temperature: 600℃(A), 700℃(B), 800℃(C), 900℃(D).



Table S1. [a], Surface area to N ratio obtained from XPS spectra. [b], carbon to nitrogen ratio . Binding energies 
and relative surface concentrations of nitrogen species obtained by fitting the N1s core level XPS spectra.

Fig.S7  X-ray diffraction spectra(XRD) of N-PCHS carbonized at different temperature: 600 ℃(black), 700 
℃(green), 800 ℃(blue), 900 ℃(red).

Fig. S8 (A) SEM image of N-PCHS carbonized at 900℃，(B) EDX spectra show the chemical composition of the 
areas labeled by the yellow square.



Table S2.  Element  analysis  results， BET surface area and corresponding Micro pore area of N-PCHS 
carbonized at different temperature.

Fig.S9 N2 sorption isotherms and corresponding pore size distribution of N-PCHS carbonized at different 
temperature .



Fig.S10 CO2(red) and N2 (black) adsorption of  N-PCHS-900 obtained at different temperature A(273K) 
,B(298K).

Fig.S11 Adsorption  selectivity  of  CO2 over  N2 for N-PCHS-900 from  initial  slope calculations isotherms 
collected at 273K.

Fig.S12 Adsorption  selectivity  of  CO2 over  N2 for N-PCHS-900 from  initial  slope calculations isotherms 
collected at 273K.



Table S3. Comparison of  N-PHCS-900 and some recently reported adsorbents for CO2capture at ~1 bar and 273K 
or 298K.

Table S4. comparison of CO2/N2 selectivity of N-PHCS-900 with other materials , based on the initial slopes of 
N2and CO2adsorption isotherms.
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