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TEXT

Text S1. Determination of concentration of IDM 

The concentration of IDM was analyzed via Shimadzu LC 20A high 

performance liquid chromatography (HPLC, Japan) equipped with a C18 reversed-

phase column (Zorbax Eclipse, 4.6 × 250 mm, 5 µm). The isocratic elution consisted 

of 70 % methanol and 30 % water containing 0.2 % (v/v) formic acid, with a flow rate 

of 1 mL.min-1. The detection wavelength was set at 270 nm.

Text S2. Intermediates Identification by HRAM LC-MS/MS

The photocatalytic degradation intermediates of IDM were identified by Thermo 

Scientific Ultimate 3000 RSLC High Resolution liquid chromatography coupled with 

Q Exactive Orbitrap mass spectrometry. Separation was accomplished using an 

Hypersil GOLD C18 (100 x 2.1 mm, 1.9 μm) with column temperature 40 ℃. Elution 

was performed at a flow rate of 0.3 mL/min with water that contained 0.1 % (v/v) 

formic acid as eluent A, and methanol as eluent B. Mass spectral analysis was 

conducted in negative mode. Mass spectral analysis was conducted in negative mode. 

The mobile phase composition and mass spectrum scanning parameters have been 

listed in Table S1 to S3.

Text S3. Calculation Details

The electron-electron exchange and correlation interactions were described by using 

the generalized gradient approximation (GGA) with the form of the Perdew-Burke-
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Ernzerhof (PBE)s1 functional. The projector augmented wave (PAW) s2, s3 method was 

employed to describe the interaction between the core and valence electrons. The 

wave functions were expanded in a plane wave basis sets with a cutoff energy of 500 

eV. The convergence criteria for the electronic self-consistent iteration and the ionic 

relaxation loop were set as the values of 1 × 10-5 eV and 1 × 10-4 eV/Å, respectively. 

Brillouin zone integrations were performed with k-point sampling using Monkhorst-

Pack (MP)s4 of 5 × 5 × 1 for the models. The method of Gaussian smearing was 

employed to determine the valence electrons occupancies with a smearing width of 

0.05 eV. 

   The optimized structure of BCN, CQD/BCN, and CQD/OUPCN were dispicted in 

Fig. S1. The vacuum space was more than 15 Å, which was enough to avoid the 

interaction between periodical images. The lattice constant of BCN was calculated to 

be 7.13 Å which agrees to the published results s5, s6.
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FIGURES

A B

C

Fig. S1. The model structure of (A) BCN; (B) CQD/BCN, and (C) CQD/OUPCN.
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Fig. S2. The TEM image (Insert: the HRTEM image) of CQD.

Fig. S3. The (A) SEM image and (B) TEM image of BCN.
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Fig. S4. The TEM images of (A) CQD/BCN-0.5% and (D) CQD/OPUCN-0.5%; The 
HRTEM images (Insert: Fourier transform pattern) of (D) CQD/BCN-0.5% and (E) 
CQD/OPUCN-0.5%; The CQD diameter distribution of (C) CQD/BCN-0.5% and 
(F) CQD/OPUCN-0.5%;

Fig. S5. The AFM image of BCN.



8

A B

Fig. S6. (A) XPS spectrum and (B) high-resolution XPS spectrum of N1s of BCN, 
CQD/BCN-0.5%, and CQD/OUPCN-0.5%.

Fig. S7. Nitrogen adsorption–desorption isotherms (Insert: Pore-size distribution) 
of CQD/OCN-0.5%.
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Fig. S8. (A) XPS spectrum and (B) high-resolution XPS spectrum of N1s of BCN, 
CQD/BCN-0.5%, and CQD/OUPCN-0.5%.
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Fig. S9. Fragment chart analyses of the HRAM LC-MS ion mass spectrometry of 
the IDM and its by-products.
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Fig. S10. Fragment chart analyses of the HRAM LC-MS/MS secondary ion mass 
spectrometry of the IDM and its by-products.
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TABLE

Table S1. Mobile phase composition and gradient elution.

Time (min) %A %B

0 98 2

2 98 2

16 5 95

18 5 95

18.1 98 2

20 98 2

Table S2. Mass spectrum parameters.

Mass spectrum parameters Value

Sheath gas flow rate 40

Aux gas flow rate 10

Sweep gas flow rate 0

Spray voltage (lKVl) +3.5，-2.5

Capillary temp. (℃) 320

Aux gas heater temp. (℃) 350

Table S3. Mass spectrum scanning parameters.

Mass spectrum scanning parameters Value

Scan mode Full MS-ddMS2

Full MS scan range 70-600 m/z

Full MS: 70,000 FWHMResolution

MS/MS: 17,500 FWHM

Isolation width 2.0 m/z

NCE (Stepped NCE) 40 (50%)
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