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Supplemental Note: Case Reports 

1. Supplemental Methods. 

1.1 Bulk CN. Melamine (10 g) was heated in a crucible using a muffle furnace at 550 °C for 4 h, 

with a ramp rate of 3 K/min under ambient atmosphere. The light-yellow product was ground 

thoroughly prior to characterization. 

1.2 CND, CNth, CNDT and CNMT. The synthetic method for CND and CNth is similar to the 

above bulk CN, except using dicyandiamide and thiourea as precursor, respectively. CNDT 

and CNMT sample was prepared by mixing 0.3 g of thiourea with 10 g of dicyandiamide and 

melamine respectively and then heated in a crucible using a muffle furnace at 550 °C for 4 h, 

with a ramp rate of 3 K/min under ambient atmosphere. 

1.3 CN (KSCN) in Table 1, entry 3. The synthetic method for CN is identical to the above bulk 

CN. KSCN treated CN was synthesized by thoroughly grounding CN (800 mg) with KSCN 

(1.6 g, dried at 140 °C in vacuum) and loaded in an alumina boat. In a tube furnace, this 

mixture was heated under argon to 400 °C at 30 °C/min ramp for 1 h, and then to 500 °C at 

30 °C/min ramp for 30 min. The resulting yellow mass was suspended in water and the 

insoluble product was isolated by centrifugation, washed with copious amount of water and 

dried at 60 °C in a vacuum oven.1 

1.4 CN and CNQ680 in Table 1, entries 4 and 5. Pristine graphitic carbon nitride was synthesized 

using thermal polymerization of dicyandiamide (Aldrich, 99%) at 480 °C for 4 h, with the 

ramping rate of 2 °C/min in a muffle furnace in air. The resultant yellow agglomerates were 

milled into powder in a mortar (the sample was named as CN). For the quick thermal 

treatment, a horizontal tube furnace was heated to target temperatures 680 °C and 250 mg of 



g–C3N4 was put in an alumina crucible. A stopwatch was started as soon as the alumina 

crucible was placed at the targeted heating zone. When the watch ran for 5 min, the crucible 

was fished out as soon as possible and cool down in air. The whole process is carried out in 

well ventilated space. The resulting products were collected and named as CNQ680.2 

1.5 Bulk g–C3N4 and ribbon–like g–C3N4 in Table 1, entries 6 and 7. As a typical procedure, 

dicyandiamide and NaCl with the mass ratio of 1:1 were mixed and ground to fine powders 

using a mortar and pestle. Then in nitrogen atmosphere, the fine powders were heated from 

room temperature to 600 °C at a rate of 19.3 °C/min and kept at 600 °C for 60 min. After 

cooling to room temperature, 1 g obtained orange sample was grounded, added into 100 mL 

deionized water and sonicated for 30 min. The dispersion was centrifuged at 4000 rpm for 10 

min to obtain a homogenous dispersion. Then the dispersion was freeze–dried, and the target 

sample was finally obtained. The bulk g–C3N4 was prepared as a reference by heating 

dicyandiamide using the same heating procedure.3 

1.6 g–C3N4 and g–C3N4–0.01 in Table 1, entries 8 and 9. Pristine g–C3N4 was prepared by urea 

pyrolysis according to a standard literature method. Briefly, 15 g of urea was calcined at 

450 °C in a muffle furnace for 1 h using a heating rate of 10 °C/min. g–C3N4–0.01 was 

synthesized as follows: 15 g of urea was dissolved with stirring into aqueous KOH solutions 

(KOH 0.01 g in 30 mL H2O), and then the resulting solution evaporated to dryness in an oven 

at 80 °C overnight. The solid mixtures of urea and KOH were then calcined at 450 °C in a 

muffle furnace for 4 h using a heating rate of 10 °C/min. Products were denoted as 

g–C3N4–0.01. Following synthesis, all samples were washed with water to remove any 

residual alkali.4 



1.7 CN and DCN–200 in Table 1, entries 10 and 11. The pristine g–C3N4 was prepared by the 

commonly used direct thermal polymerization of dicyandiamide at 550 °C for 4 h with a 

ramping rate of 3 °C/min in air. After cooled naturally, the yellow product was grounded in an 

agate mortar to obtain a powder sample. To prepare the defect–modified homojunction 

g–C3N4, the pristine g–C3N4 was fully mixed with NaBH4 with a weight ratio of 5:1, followed 

by heating at 200 °C for 30 min. Then the resultant powders were washed with water, HCl, 

NaOH, and once again with water (washed several times until neutral) to remove all unreacted 

and potentially detrimental surface species. The products were denoted as DCN–200 °C.5 

1.8 Cyano hydrolysis method. In typical procedure, 600 mg of the CNCYx was dispersed in 200 

mL of sulphuric acid solution (3 M) and reflux in 80 °C for 2 h, this sample was named as 

CNCYx–H. The resulting yellow mass was suspended in water and the insoluble product was 

isolated by centrifugation, washed with copious amount of water until the filtrate is neutral 

and dried at 60 °C in a vacuum oven. 

2. Supplemental In situ Diffuse Reflectance Infrared Experiments. 

The setup was consisted of the following parts: (i) a Bruker Tensor Ⅱ FT-IR spectrometer 

equipped with a MCT detector; (ii) a Praying MantisTM HVC accessory enclosed with a 

three-window dome; (iii) a HARRICK ATC-024-4 temperature controller; (iv) a cooling water 

circulating system; (v) a xenon lamp. Highly purity Ar (25 mL·min-1) was used as the carrier 

gas (Figure S2a). 

The tests were carried out according to the following procedures. (1) The fresh powder sample 

was loaded in the in situ reaction cell (Figure S2b). (2) After assembling the HVC with a 

sample into the spectrometer, the system was warmed to 120 °C with the inlet of Ar gas (25 



mL·min-1) for 3 h. The temperature was controlled by the ATC controller and cooling water. 

(3) After the thermal treatment, until the HVC was cooled to 30 °C, 20 μL of the styrene was 

introduced to the HVC by dripping. (5) The cell was purged by the Ar gas (25 mL·min-1) to 

clean up the redundant substrates, until the IR signals stable. (6) The outlet of the cell was 

sealed and additional 5 mL oxygen was injected into the cell through the latex tube which 

connected with the intake of the cell (Figure S2c). (7) Samples were irradiated by means of a 

solar light simulator with a xenon lamp. The solar light simulator was equipped with a cut 420 

nm filter to remove ultraviolet irradiation. Meanwhile, IR spectra were collected repeatedly 

every 1 min (Figure S2c). 

3. Supplemental Photoactivity Measurements. 

The styrene epoxidation reactions were conducted under air atmosphere (1 atm) in a 25 mL 

round-bottomed Pyrex glass flask with a sealed spigot and a magnetic stirrer (Figure S9). The 

suspensions were prepared by mixing styrene (0.04 mmol), acetonitrile (2 mL), and catalyst 

(10 mg) in a reactor equipped with a stirrer bar. The reactor was irradiated using a white LED 

light (400 mW/cm2) whilst stirring at 60 °C. The product compositions were analyzed and 

determined by means of an Agilent HP5973 mass spectrometer and Agilent 1260 high 

efficiency liquid chromatography. The Agilent Series are equipped with a vacuum degasser, a 

quaternary pump, an auto sampler and a DAD system, connected to Agilent Chem Station 

software. A C18 column (250×4.6 mm i.d., 5 μm) was used. The flow rate was 1 mL/min. 

Solvents that constituted the mobile phase were (A) acetonitrile and (B) water with the 

volume ratio 65:35. The products were also identified by mass spectrometry (GC-MS, Agilent 

6890N) coupled with 5973 Mass selective Detector. 



4. Supplemental Quantification methods. 

The conversion of styrene and the selectivity of styrene oxide, and benzaldehyde were 

analysed by HPLC by using the external standard method. 

5. Supplemental Acidimetric titration of carbon nitride. 

The acidic functional groups and the presences of such groups were determined by a 

neutralization adsorption experiment. Typically, 100 mg (m1) CNCY1.00 and CNCY–H sample 

were dispersed into 50 g (mA) of 0.05 mol/L NaHCO3 aqueous solution, respectively. The 

resultant mixtures were allowed to equilibrate with magnetic stirring for 6 h. After that, the 

mixtures were filtered and the filtrate was collected and 20 g (mA1) of the filtrate or 20 g 

NaHCO3 aqueous solution (mA0) was pipetted out and back titrated using 0.025 mol/L (C) 

hydrochloric acid solutions. Recording the volume of hydrochloric acid consumed as VA1 and 

VA0. The concentrations of the NaHCO3 aqueous solution were calibrated by standard 

hydrochloric acid. In the controlled reaction 50 g (mF) water was used to disperse 100 mg (m2) 

of the sample. After stirring for 6 h, 10 g filtrate (mF1) was mixed with 25 g NaOH (mFC) 

aqueous solution (FC mixture) and back titrated using 0.025 mol/L hydrochloric acid 

solutions to determination of the acidity and alkalinity of the catalyst surface. Recording the 

volume of hydrochloric acid consumed as VF. Bromocresol green–methyl red was used as the 

indicator. The adsorbed base was calculated using the following equation: 

𝐧𝐀 = (𝐕𝐀𝟎 ∗
𝐂

𝐦𝐀𝟎
− 𝐕𝐀𝟏 ∗

𝐂

𝐦𝐀𝟏
) ∗

𝐦𝐀

𝐦𝟏
+ 𝐧𝐅           (s1) 

𝐧𝐅 = [(𝐕𝐅 ∗ 𝐂 − 𝐕𝐂𝟎 ∗
𝐂∗𝐦𝐅𝐂

𝐦𝐂𝟎
) /𝐦𝐅𝟏] ∗ 𝐦𝐅/𝐦𝟐      (s2) 

In the equations: 

C : Concentration of standard hydrochloric acid (mol/L); 



VA0: The hydrochloric acid volume used in calibrating base solution (mL); 

mA0: The quality of base solution used in calibrating by hydrochloric acid (g); 

VA1: The hydrochloric acid volume used in calibrating the above filtrate (mL); 

mA1: The quality of base filtrate solution used in titration (g); 

mA: The quality of base solution used in sample dispersion (g); 

m1, m2: The consumption quality of our sample (g). 

VF: The hydrochloric acid volume used in calibrating FC mixture (mL); 

mFC: The quality of FC mixture used in titration (g); 

mF1: 10 g; 

mF: The quality of water used in sample dispersion (g). 

6. Supplemental Quantitative determination of hydrogen peroxide content by 

iodometry. 

The H2O2 generated in the reaction were determined by a typical iodometry method. Typically, 

2 mL of reaction solution was filtered after illumination for 6 h, then 10 μL of sulfuric acid 

solution (1 mL sulphuric acid mixed with 8 mL deionized water) was dropped into the above 

filtrate. After that, 1 g of KI and 30 μL of ammonium molybdate (30 g/L) were added in turn, 

the resultant mixtures were allowed to equilibrate with magnetic stirring for 5 minutes. Finally, 

the mixtures were titrated using Na2S2O3 and Na2CO3 mixture solution (25 g/L of 

Na2S2O3·5H2O, 0.2 g/L of Na2CO3) until the solution becomes colourless. In the controlled 

reaction water was used to as the contrast. The reactions between H2O2, I2 and Na2S2O3 were 

showed as below. 

𝐇𝟐𝐎𝟐 + 𝟐𝐈− + 𝟐𝐇+ = 𝟐𝐇𝟐𝐎 + 𝐈𝟐         (s3) 

𝐈𝟐 + 𝟐𝐍𝐚𝟐𝐒𝟐𝐎𝟑 = 𝟐𝐍𝐚𝐈 + 𝐍𝐚𝟐𝐒𝟒𝐎𝟔         (s4) 

According to the reaction equation the H2O2 content is equal with two stoichiometric ratios of 



Na2S2O3. 

7. Supplemental Photoelectrochemical (PEC) Measurements. 

The working electrode was prepared by the drop-casting method. In a typical process, 5 mg of 

the catalyst powder was mixed with 0.5 g of 2 wt.% polyvinylidene difluoride (PVDF) 

N–methyl pyrrolidone (NMP) solution by sonication, then 20 μL of the slurry was dropped 

onto fluorine-doped tin oxide (FTO, 2 cm × 1.5 cm) glass electrode through a layer-by-layer 

method. Photocurrent measurements were performed under LED light illumination conditions 

in a 0.2 M Na2SO4 solution by using the Amperometric it Curve technique with the pH 

maintained at 6.6. Mott–Schottky plots were also obtained with the working electrodes 

immersed in 0.2 M Na2SO4 aqueous solution, yet, by using the impedance–potential technique. 

The potential conversion relation is according to the Nernst equation: 

E(NHE)  =  E(Ag/AgCl)  +  0.197         (s5) 

E(RHE)  =  E(NHE) +  0.0591 × pH        (s6) 

Note: The potential of RHE is related to pH value, when the pH = 0, the potential of RHE is 

equivalent to SHE. 

The electrochemical impedance spectra (EIS) were obtained by using the A. C. Impedance 

technique. The working electrodes were immersed in mixture aqueous solution. The 

composition of the mixture solution was as follows: 0.1 mol/L KCl, 2 mmol/L K3[Fe(CN)6] 

and 2 mmol/L K4Fe(CN)6·3H2O. All the above tests were characterized on a workstation (CHI 

760D, CH Instruments, Inc., Shanghai, China) in a three–electrode model, with Pt wire as the 

counter electrode and Ag/AgCl electrode (saturated KCl) as the reference electrode. 

8. Supplemental Computational Methods. 



All density functional theory calculations (DFT) calculations were implemented in Dmol3 

program package of Materials Studio 8.0.6, 7 The exchange-correlation functional PBE was 

used to calculate the electronic structure with generalized gradient approximation (GGA).8, 9 

The valence electron functions were expanded into a set of numerical atomic orbital by a 

double numerical basis with polarization functions (DNP).10, 11 All atoms were treated with an 

all-electron basis set. Meth fessel–Paxton smearing of 0.005 Ha was adopted. The 

dispersion-corrected (DFT-D2) method is used to describe the dispersion interaction. All 

energies obtained in our calculations included the zero-point vibrational energy  



 

Scheme S1. Proposed cyano introduction mechanism by KSCN assisted synthesis.  

 

 

Figure S1. Styrene conversion rate as the function of cyano group content in carbon nitride. 

Reaction condition: 0.04 mmol of the styrene, 2 mL of the acetonitrile, 10 μL of the 

isobutyraldehyde, 15 mg of the catalyst, 1 atm Air, 400 mW/cm2 irradiation, white LED light, 

60 °C, 2 h. 

The isobutyraldehyde was used as the reduction reagent, the selectivity for styrene oxide by using 

CN and CN-T is 45% and 87%, respectively. Thus, the yield of styrene oxide by using CN and 

CN-T is 14.1% and 86.4%, respectively. 



 

Figure S2. Photographs of (a) in-situ FT-IR setup. (b) HVC accessory enclosed with a 

three-window dome. (c) Oxygen injection methods. (d) Light illumination. 

In Figure S2, the digital coding represents (i) Bruker Tensor Ⅱ FTIR spectrometer, (ii) HVC 

accessory, (iii) HARRICK ATC-024-4 temperature controller, (iv) cooling water circulating 

system and (v) Xenon lamp. Before the oxygen injection, the two three-way valves (red box) in 

Figure S2c were closed. The oxygen (5 mL) was injected by using 2.5 mL needle tube, after that 

the three-way valve in the blue box was closed until the end of the test. 



 

Figure S3. The SEM spectra of sample (a) CN, (b) CNCY and (c) CN-T. 

 

Figure S4. The TEM spectra of sample (a) CN, (b) CNCY and (c) CN-T.  



 

Figure S5. Adsorption isotherms spectra of CN, CNCY and CN-T. 

 

 

Figure S6. The FT–IR spectra of CNth. 



 

Figure S7. S 2p spectra of CN, CNCY and CN-T. 

 

 

Figure S8. Solid-state 13C MAS NMR spectra of CN, CNCY and CN-T. 

 



 

Figure S9. The FT–IR spectra of CNCY and CNCY–H. 

As shown in Figure S9, after sample CNCY was refluxed in 3M sulphuric acid for 2 h, the 

cyano area which calculated by using the OMNIC software is decreased from 10.5 to 2.4. That 

indicates about 77.1% of the cyano group had been hydrolyzed to carboxylic acid. The titration 

results of carboxyl group in CNCY1.00–H is 0.40 mmol/g (Table S5, entry 2), thus the total cyano 

content in CNCY1.00 is about 0.52 mmol/g (0.4 / 0.771 = 0.52) and the mass percent is about 1.5 

wt% [(0.52 mmol/g × 1 g × 26 g/mol)/1g × 100 wt% = 1.5 wt%]. The total cyano content in CN-T 

is about 0.62 mmol/g, then the mass percent is about 1.8 wt% [(0.62 mmol/g × 1 g × 26 g/mol)/1g 

× 100 wt% = 1.8 wt%]. The treatment and cyano group conversion methods of other samples in 

entries 3-10 were same to CNCY and CN-T. The detailed cyano group content of each sample was 

summarized in Table S5. 

 



 

Figure S10. Images of the experimental setups for (a) reactor (b) with reactant and catalyst loaded 

and (c) photocatalytic oxidation reactions. 

 

  

Figure S11. Influence of (a) temperature (b) light intensity and (c) wavelength (purple 400 nm, 

blue 459 nm, green 525 nm, yellow 580 nm, red 625 nm) on the epoxidation of styrene. 

Reaction condition: 0.04 mmol of styrene, 2 mL of acetonitrile, 10 mg of the catalyst,1 atm Air, 

white LED light, 4 h. (a) 400 mW/cm2 irradiation, (b) 60 °C (c) 400 mW/cm2 irradiation, 60 °C. 



 

Figure S12. Optical, electronic properties and catalytic performance of varied carbon nitride 

catalysts. (a) Photocurrent response. (b) EIS Nyquist plots of CN, CNCY and CN-T. (c) 

Steady–state and (d) time–resolved photoluminescence decay spectra of CN, CNCY and CN-T at 

λex = 365 nm. 

The generation and separation efficiency of photogenerated carriers were measured by three 

classic methods: transient photocurrent, electrochemical impedance spectroscopy and 

photoluminescence.12 The transient photocurrent of the samples was prompt by the on/off of 

intermittent visible-light irradiation (λ > 420 nm) in 0.2 M Na2SO4 aqueous solution. An obvious 

increase of photocurrent density was observed from CN to CNCY and CN-T (Figure S12a). The 

electrochemical impedance spectroscopy (EIS) in the dark was carried out. It can be seen that the 

arc radius decreases in the order of CN > CNCY > CN-T, indicating less resistance of charge 



across the cyano modified sample film electrode interface (Figure S12b).13 The steady–state 

photoluminescence (PL) and the time–resolved PL spectra were monitored under the excitation 

wavelength of 365 nm. For CN, the strong PL emission at 470 nm shows high charge carriers 

recombination efficiency. After cyano group modification, the intensity of this emission peak is 

weakened (Figure S12c). Time-resolved PL yield the mean radiative lifetimes of 3.88, 3.01 and 

2.95 ns for CN, CNCY and CN-T, respectively (Figure S12d). The decreased singlet exciton 

lifetime clearly suggests enhanced singlet exciton dissociation and more effective separation of 

photogenerated electron–hole pairs in CN-T,14 which is consistent with the result of photocurrent 

and EIS result. These results all indicate that the cyano group modification could improve the 

carrier generation and separation efficiency.15  



 

Figure S13. Catalytic performance comparison between CN, CN-P and CNMT for epoxidation of 

styrene. The inset diagram in Figure S13a is the sketch exhibited the major and minor factor which 

affect the performance of the catalyst. FT–IR spectra of (b) CN, CNMT and (c) CND, CNDT. (d) 

Catalytic performance comparison between CN, CNMT, CND and CNDT for epoxidation of 

styrene. 

Reaction conditions: 0.04 mmol of styrene, 2 mL of acetonitrile, 15 mg of catalyst, 1 atm air, 400 

mW/cm2, white LED light irradiation, 60 °C, 4 h. Selectivity = Selectivity for styrene oxide.  



 

Figure S14. (a) UV–Vis patterns (b) band gap energy and (c) Mott–Schottky plots. 

The band gap obtained from UV–Vis curves of CN, CNCY and CN-T were 2.72, 2.73 and 2.74 

eV, respectively (Figure S14a and b). That indicates cyano group modifying caused a slightly 

enlarged band gap, which attributes to the quantum effect caused by formation thin layer 

structure.16 However, this does not affect the utilization the energy of light. On account of sample 

CNCY and CN-T showed a tail absorption (Urbach tail) in the visible-light region (Figure S14a), 

which indicates that a midgap state is created by the cyano introduction.12 Thus, the CNCYx 

samples can absorb more visible light, which will promote the solar light utilization efficiency. 

The Mott–Schottky curves showed in Figure S14c indicate a typical n-type plot for all samples. 

According to these plots, the flat band potentials of CN, CNCY, and CN-T were determined to be 



at -1.29, -1.23 and -1.25 V vs. Ag/AgCl at pH = 6.6, which correspond to -0.76 V, -0.64 V and 

-0.66 V vs. SHE at pH = 0, respectively (according to eq. s5 and eq. s6) 

 

 

Figure S15. (a) The yield of H2O2 as the function of various catalysts. 

 

 

Figure S16. (a) Conversion and selectivity of styrene oxide as the function of nitroblue 

tetrazolium amount (NBT) and (b) 9,10–Diphenylanthracene (DPA) amount. 

Reaction conditions: 0.04 mmol of the styrene, 2 mL of the acetonitrile, 10 mg of the catalyst, 1 

atm Air, 400 mW/cm2 irradiation, white LED light, 60 °C, 4 h. 



 

Figure S17. The optimized dioxygen adsorption mode on CN. The single-state O2 initially located 

above the (a)N4-C1, (b) N6-C3, (c) N4-C11, and (d) N7-C1. 

 

After the interaction of single-state O2 with CN, the optimized configurations in Figure S17a is the 

most stable compared to the other adsorption configurations, in which the single-state O2 is 

located above the N4-C1 site, the adsorption energy was summarized in Table S7. 

 

Figure S18. Other five types of the optimized dioxygen adsorption mode on cyano modified 

carbon nitride. The single-state O2 initially located above the (a) N4-C1, (b) C3-N10, (c) N4-C11, 

(d) C17-N18 and (e) N7-H.  



 

Figure S19. (a) XRD (b) FT–IR and (c) UV–Vis patterns of sample CN-T after being recycled 

five times. (d) Cycling performance of CN-T. Diamond: the epoxy products selectivity in the 

absence of isobutyraldehyde (IBA) as reducing agent. Star: the epoxy products selectivity in the 

presence of IBA. 

Reaction conditions: 0.04 mmol of styrene, 2 mL of acetonitrile, 10 mg of catalyst, 1 atm air, 

white LED illumination (400 mW/cm2), 60 °C, 24 h for isobutyraldehyde free and 2 h for 

isobutyraldehyde added system.  



Table S1. Summary of the yield of styrene oxide in 15 literatures. 

Entry Samples Conv. (%) 

Sel.epoxide 

(%) 

Yieldepoxide 

(%) 

Ref 

1 Fe2+–NaY 46.2 62.2 28.7 17 

2 Fe3O4 38.0 56.5 21.5 17 

3 Co2+–X 44.2 60.0 26.5 18 

4 CoCl2 90.0 0 0 19 

5 Co–Y–ZrO2 61.0 80.0 48.8 20 

6 Ga–Co–HMS–X 99.9 67.5 67.4 21 

7 NHPI/Fe(BTC) 7.0 14.0 1.0 22 

8 AuNC@N–C 96.8 40.4 39.1 23 

9 La–MCM–48 54.5 98.8 53.8 24 

10 N–OLC 88.4 46.0 40.7 25 

11 OMCA–10 75.8 56.6 42.9 26 

12 BaO/Ga2O3 49.3 58.0 28.6 27 

13 VS–1(1) 70.0 44.0 30.8 28 

14 Au25(SR)18 36.6 32.0 11.7 29 

15 Ti(OiPr)4/ligand 73.0 71.0 51.8 30 

16 P450 enzymes 96.0 50.0 48.0 31 

  



Table S2. Physicochemical properties of CN, CNCY and CN-T. 

Sample Pore volume (cm3/g) SBET (m2/g) 

CN 0.12 14.2 

CNCY 0.37 61.3 

CN-T 0.45 65.6 

 

Table S3. Distribution of element species obtained from the deconvolution of the N1s peaks by 

XPS. 

Sample 

Area / Proportion (%) 

C-N=C N-(C)3 C-N-H 

CN 80626.8 / 74.0% 24289.3 / 22.3% 4096.2 / 3.8% 

CNCY 93936.4 / 74.2% 28330.6 / 22.4% 4303.8 / 3.4% 

CN-T 76891.8 / 74.2% 23710.3 / 22.9% 3060.2 / 3.0% 

The proportion of C-N-H component was calculated by dividing the peak area of C-N-H by the 

total area.  



Table S4. Distribution of element species obtained from the deconvolution of the C1s peaks by 

XPS. 

Sample 

Area Area(C-NHx & C≡N) 

/ Area(N-C=N) C-C N-C=N C-NHx & C≡N 

CN 6259.6 45623.4 1406.2 0.03 

CNCY 1165.5 47448.7 1423.5 0.03 

CN-T 12187.6 43421.9 1302.7 0.03 

The proportion of C-Hx & C≡N component was calculated by dividing the peak area of C-Hx & 

C≡N by the area of N-C=N. 

  



Table S5. The content variation of cyano and carboxyl groups on the cyano modified samples. 

Entry Sample 

Cyano 

group area 

Conv.area 

(%) 

Carboxyl 

(mmol/g) 

Cyano group 

Estimated value 

(mmol/g) 

1 CNCY 10.5 0 0 0 

2 CNCY–H 2.4 77.1 0.40 0.52 

3 CNCY0.25 2.3 0 0 0 

4 CNCY0.25–H 0.56 75.6 0.08 0.11 

5 CNCY0.40 3.8 0 0 0 

6 CNCY0.40–H 0.72 81.1 0.15 0.19 

7 CNCY0.50 5.0 0 0 0 

8 CNCY0.50–H 1.07 78.6 0.20 0.25 

9 CNCY0.75 7.8 0 0 0 

10 CNCY0.75–H 1.61 79.3 0.31 0.39 

11 CN-T 12.6 78.6 0.49 0.62 

12 CN-T-H 2.7 0 0 0 

  



Table S6. The catalytic and photoelectric performance of CN and CN–P. 

Entry Sample 

Conv. 

(%) 

Sel.styrene 

oxide (%) 

Photocurrent 

density 

(μA/cm2) 

Electrochemic

al impedance 

(Ω) 

Fluorescence 

lifetime (ns) 

1 CN 31.9 33.6 0.051 4800 3.88 

2 CN–P 37.5 25.4 0.062 3100 3.56 

Reaction condition: 0.04 mmol of styrene, 2 mL of acetonitrile, 10 mg of the catalyst,1 atm Air, 

60 °C, white LED light, 400 mW/cm2 irradiation, 12 h. 

The CN–P sample was prepared by heating melamine (10 g) and ammonium phosphate (0.25 g) 

mixture in a muffle furnace at 550 °C for 4 h. 

 

Table S7. The adsorption energy related Figure S16. 

Entry Initial site Total energy (Ha) 

Relative energy 

(kJ/mol) 

1 N4-C1 -929.5073504 -39.1  

2 N6-C3 -929.5009105 -22.2  

3 N4-C11 -929.494547 -5.5  

4 N7-C1 -929.4924522 0.0 

 

 

 

 



Table S8. The adsorption energy related Figure S17. 

Entry Initial site Total energy (Ha) Relative energy (kJ/mol) 

1 N7-C17 -1021.647935 -39.3 

2 N7-N18 -1021.647874 -39.1 

3 N4-C1 -1021.643873 -28.6 

4 C3-N10 -1021.643673 -28.1 

5 N4-C11 -1021.643933 -28.8 

6 C17-N18 -1021.639660 -17.5 

7 N7-H -1021.632977 0.0 

 

Table S9. Scope of the CN-T catalyzed epoxidation reaction of alkenes. 

Entry Substrates Products Conversion (%) Selectivity (%) 

1 
  

99.6 65.8 

2 

  
99.6 54.5 

3 

  

99.9 99.9 

4   
13 60.1 

Reaction conditions: 0.04 mmol of the alkenes, 2 mL of the acetonitrile, 10 mg of the catalyst, 1 

atm Air, 400 mW/cm2 irradiation, white LED light, 60 °C, 24 h.  
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