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Fig. S1. XRD patterns (a) and FT-IR spectra (b) of DCD, DCD-S, CA, CA-S and 
DCD+CA-S. 

Fig. S2. SEM images of DCD-S (a), CA-S (b) and DCD+CA-S (c).

Electronic Supplementary Material (ESI) for Environmental Science: Nano.
This journal is © The Royal Society of Chemistry 2022



S2

The effect of solvothermal process

To understand the effect of the solvothermal process on the samples, we first studied 

the XRD patterns of solvothermally treated DCD, CA and DCD+CA (named as DCD-

S, CA-S and DCD+CA-S, respectively). From Fig. S1a, the diffraction peaks of DCD-S 

change obviously compared to DCD. The diffraction peak at 27.1° belongs to the 

stacking of graphite-like layers,1,2 indicating that DCD is totally converted to polymer 

intermediate after solvothermal process. By contrast, the structure of CA-S has no 

obvious change compared to CA, indicating that solvothermal treatment has little effect 

on CA. The XRD pattern of CA+DCD-S is similar to that of CA. However, the 

diffraction peaks at 10.7° and 27.6° can be clearly observed, which can be attributed to 

(100) and (002) planes of CN,3 indicating that a part of CA polymerizes with DCD to 

form CN framework during the solvothermal process and there are still some CA 

remaining in CA+DCD-S. The chemical structure of the intermediate was further 

studied by FT-IR spectra (Fig. S1b). The spectrum of DCD-S changes significantly 

compared to DCD. A breathing vibration peak belonging to the heptazine structural unit 

is found at 810 cm1, demonstrating that DCD forms a polymer containing the heptazine 

structural units.4 The weakening of the cyano signal in 21002200 cm1 also 

demonstrates the initial polymerization of DCD during the solvothermal process.5 The 

FT-IR spectrum of CA-S is basically unchanged compared to CA, consistent with the 

XRD patterns. The spectrum of DCD+CA-S is similar to that of CA, but also exhibits 

a stretching vibration peak of the heptazine structural unit at 810 cm1. Fig. S2 shows 

the SEM images of DCD-S, CA-S and DCCN-S. It can be clearly seen that DCD-S and 

CA-S have irregular blocky morphology (Fig. S2a and b). However, DCD+CA-S shows 

rodlike morphology (Fig. S2c). The above results indicate that the solvothermal process 

is conducive to the initial polymerization of DCD and the generation of rich defect sites. 

The addition of CA promotes the formation of CN framework. Simultaneously, the 

unreacted CA may be uniformly distributed in the polymer intermediate through 

hydrogen bonding, which acts as a porogen during the calcination process.
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Scheme S1. Possible copolymerization process of DCCN-S.

(a) (b) (c)

Fig. S3. SEM images of DCCN-S with different ratios of CA to DCD: (a) 1 g of DCD 
and 0.5 g of CA, (b) 1 g of DCD and 1 g of CA and (c) 1 g of DCD and 3 g of CA.

Fig. S4. 13C CPMAS NMR of DCN, DCN-S and DCCN-S.
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Fig. S5. Removal rates of LEV over DCCN-S under natural sunlight (10:30 to 11:30 
am, April, Dalian) and visible light using Xe lamp with a UV-CUT420 filter.

Fig. S6. SEM (a) and TEM (b) images of DCCN-S after six photocatalytic cycles.

Fig. S7. XRD patterns (a) and FT-IR spectra (b) of fresh DCCN-S and DCCN-S after 
six photocatalytic cycles.
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Fig. S8. Removal curves of various organic pollutants over DCCN-S under visible light 
irradiation.

Fig. S9. Removal curves of simultaneous photocatalytic oxidation of LEV (a) and 
reduction of Cr(VI) (b) over DCCN-S under visible light irradiation. 

Fig. S10. High performance liquid chromatogram spectra of LEV aqueous solution at 
0 min and 60 min of visible light irradiation in the presence of DCCN-S (a), the change 
of peak at m/z = 362.4 with time in the MS spectra (b).
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Fig. S11. MS spectra of the intermediates in the process of LEV degradation.
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Table S1. BET specific surface (SBET) and pore volume (VP) of the samples.

Sample SBET (m2 g1) VP (cm3 g1)

DCN 18.6 0.20
DCN-S 12.7 0.18

DCCN-S 52.0 0.46

Table S2. Peak areas obtained by N 1s XPS spectra.

Sample N2C N3C C-NHx N2C/N3C N2C/C-NHx

DCN 27546.2 4600.4 3558.5 6.0 7.7
DCN-S 26560.0 4118.7 3698.7 6.4 7.2

DCCN-S 34569.6 5235.4 4983.0 6.6 6.9

Table S3. The results of element analysis.

Sample N (%) C (%) H (%) C/N

DCN 52.83 35.14 1.74 0.665
DCN-S 53.73 33.93 2.20 0.631

DCCN-S 54.49 34.16 2.17 0.627
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Table S4. Comparison of LEV photodegradation performance of DCCN-S with those 
of other photocatalysts reported in the literature.

Photocatalyst
LEV

concentration
(mg L1)

Catalyst
dosage
(g L1)

Light source Time
(min)

Removal 
rate
(%)

Ref.

MoS2/Ag2Mo2O7 5 1 150W XL
(Solar light) 90 97 6

CN/BiOBr 10 1 300W XL 
(λ＞420 nm) 50 100 7

Bi@Bi5O7I/rGO 20 - 300W XL 
(λ＞420 nm) 60 87.7 8

Ag/Ag2S/Bi2MoO6 20 0.3 300W XL 
(λ＞400 nm) 120 87.3 9

BiOI/g-
C3N4/graphene 20 0.25 300W XL 

(λ＞420 nm) 180 63 10

Ag2CO3/CeO2/AgBr 10 0.5 300W XL
 (λ＞420 nm) 40 87.63 11

PDI/g-C3N4 20 1 300W XL 
(λ＞420 nm) 30 90 12

Au/Ni2P/g-C3N4 10 1 300W XL
 (λ＞400 nm) 120 88.23 13

SrTiO3/(Ag/Fe3O4)/g-
C3N4

10 0.2 500W XL 
(λ＞420 nm) 90 98.2 14

K-g-C3N4 10 1 300W XL
 (λ＞420 nm) 60 100 15

Cu/O-g-C3N4 15 1 300W XL 
(λ＞420 nm) 60 98.2 16

CQDs@In2S3/ 
SWNTs 15 0.8 350W XL

(λ＞400 nm) 60 80 17

ZnFe2O4/ 
NCDs/Ag2CO3

10 0.6 300W XL
 (λ＞420 nm) 90 88.75 18

(BiOBr)x(Bi7O9I3)1-x 50 1 400 W halogen 
bulb (Solar light) 120 95.4 19

DCCN-S 50 0.5 300W XL 
(λ＞420 nm) 60 93.5 This 

work
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Table S5 Detailed ECOSAR values concerning LEV and the degradation 

intermediates.

Fish Daphnia Green AlgaeINTERME

DIATES 96 h LC50 ChV 48 h LC50 ChV 96 h EC50 ChV

LEV 

(M/Z=362)
2.81×105 2.16×104 1.30×105 7.21×103 4.18×104 6.97×103

Route Ⅰ
M/Z=392 6.55×105 4.84×104 2.93×105 1.48×104 8.19×104 1.26×104

M/Z=364 1.54×105 1.22×104 7.33×104 4.38×103 2.64×104 4.67×103

M/Z=364 4.26×106 2.83×105 1.74×106 6.89×104 3.39×105 4.32×104

M/Z=336 9.91×105 7.10×104 4.33×105 2.03×104 1.09×105 1.59×104

M/Z=307 2.57×104 2.22×103 1.31×104 9.60×102 6.37×103 1.32×103

M/Z=279 2.62×104 2.25×103 1.33×104 9.60×102 6.33×103 1.30×103

M/Z=246 8.32×104 6.68×103 4.00×104 2.46×103 1.50×104 2.72×103

M/Z=167 8.58×106 5.29×105 3.30×106 1.09×105 4.89×105 5.37×104

Route Ⅱ
M/Z=348 4.18×105 3.14×104 1.90×105 9.96×103 5.63×104 8.98×103

M/Z=364 2.84×104 2.47×103 1.46×104 1.08×103 7.17×103 1.50×103

M/Z=350 6.48×104 5.83×103 3.20×104 2.12×103 1.34×104 2.58×103

M/Z=219 4.78×103 3.93×102 2.34×103 1.52×102 9.53×102 1.80×102

M/Z=118 2.89×105 2.09×104 1.27×105 6.11×103 3.31×104 4.92×103

Route Ⅲ
M/Z=360 1.14×106 8.15×104 4.96×105 2.31×104 1.23×104 1.78×104

M/Z=392 1.23×103 1.12×102 6.58×102 54.3 3.83×102 87.7

M/Z=364 4.86×103 4.10×102 2.44×103 1.68×102 1.08×103 2.15×102

M/Z=336 7.43×103 6.89×102 4.04×103 3.48×102 2.50×103 5.94×102

M/Z=257 2.31×108 1.23×107 7.82×107 1.80×106 6.84×106 5.66×105

M/Z=186 1.22×109 5.82×107 3.77×108 6.81×106 2.29×107 1.56×106

(Unit: mg L1; LC50 represents half lethal concentration; EC50 represents half effective 

concentration; ChV, chronic value, represents chronic toxicity, which is defined as the 

geometric mean of the no observed effect concentration and the lowest observed effect 

concentration.)
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