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Text S1 To condute Density Functional Theory calculations, the electron exchange-correlation
interactions were treated by the Perdew-Burke-Ernzerhof exchange correlation function in the
scheme of generalized gradient approximation.! Double numerical plus polarization was
employed as the basis set. The convergence tolerance of energy of 107> Hartree was applied (1
Hartree = 27.21 V), and the maximal allowed force and displacement were 0.002 Hartree/A
and 0.005 A, respectively. A global orbitals cut off of 4.1 A was used and the van der Waals
forces, which has been proved to be very important for adsorption calculation,?3 was taken into
consideration by DFT+D method within the TS scheme? in all the calculations. The 18x18 A2
graphene matrix with non-periodic boundary conditions terminated by H atoms as the initial

model was applied in the simulations and all the atoms were allowed to fully relax.

Text S2 Calculation of pseudo-second-order reaction rate constant and pseudo-first-order

reaction rate constant is based on the following equations:

—kt+1
=k, .

O =

pseudo-second-order reaction: “t

CO
In (=) = kyt
pseudo-first-order reaction: t

where k; represents the pseudo-first-order reaction rate constant (min''), k, represents the
pseudo-second-order reaction rate constant (mM-'min-!), Cj is the initial phenol concentration,

C,1s the phenol concentration at time t during the oxidation by activated PDS.



Tables

Table S1. The kinetics of phenol oxidation in BCN-NT/NS composites/PDS and N-rGO/PDS

systems.
Samples pseudo-second-ordejr reaction pseudo-ﬁrst-or(.ier reaction
Rate constant (mM-'min') ~ R?  Rate constant (min'!)  R?
N-rGO 0.0079+0.0002 0.845 0.0085+0.0002 0.915
BCN-NT/NS-1 0.0125+0.0004 0.927 0.0111£0.0001 0911
BCN-NT/NS-6 0.0167+0.0001 0.986 0.0141+0.0002 0.951
BCN-NT/NS-8 0.0278+0.0006 0.991 0.0187+0.0002 0.968
BCN-NT/NS-10 0.0172+0.0008 0.997 0.0140+0.0003 0.96
BCN-NT/NS-8 800 0.0095+0.001 0.953 0.0097+0.0007 0.935
BCN-NT/NS-8 1000 0.005+0.0005 0.966 0.0067+ 0.0003 0.963




Table S2. The calculated adsorption energy (E.4s), the quantity of atomic charge on S,Og? anion
by Hirshfeld analysis (Q), O-O bond length (lp.o) of SO4-SO4 and S-O bond length (Is.o), and

electrophilic index (@) of S,0g% adsorbed on pristine graphene and different doped graphene

structures.

Functionality E,g(eV)  Q(e)  lo.o(A) lgo(A) )
Graphene sp?C -2.37 -1.06 1.40 1.85 0.20
N-doped  gNi -2.78 -1.15 1.41 1.82 034
graphene  oN; -3.13 -1.18 138 199  0.19

pdNz -2.44 -0.95 1.31 204 0.19

gNa -2.89 -1.02 1.33 201 022

pdNa -2.12 -1.21 1.42 1.82 021

prN -2.85 -1.03 1.40 185  0.09
B-doped Bz -2.10 -0.95 1.37 190 023
graphene  B; -2.00 092 136 193 0.02

Ba -1.92 092 136 192 0.05

BC,0 -2.86 0.82 147 179 030

BCO, -2.93 0.92 1.48 178  0.22
B, N- Ba-C-gNa -1.77 -0.86 133 200  0.09
co-doped  B;.C-N -2.43 -1.03 1.37 190  0.19
graphene g 4N -2.50 -0.94 1.49 1.82  0.22

Bz-C-prN -2.65 -0.91 1.48 176 0.29

BCO,-gNz -3.70 096 149 178 031

B-gNa -2.38 094 133 201 046

Bz-C-gNz -3.01 0.82 149 1.68  0.65




Figures

Figure S1. SEM images of (a) BCN-NT/NS-1; (b) BCN-NT/NS-6; (¢) BCN-NT/NS-8; (d)
BCN-NT/NS-10; (e) BCN-NT/NS-8 800 and (d) BCN-NT/NS-8 1000.
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Figure S2. XRD spectra of the as-prepared BCN-NT/NS composites.
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Figure S3. Raman spectra of (a) BCN-NT/NS composites prepared with different PEG

precursors; (b) BCN-NT/NS composites prepared at different temperatures.

(a ) —— BCN-NT/NS-1 O1s ( b) — BCN-NT/NS-8_1000 A
— BCN-NT/NS-6 - — BCN-NT/NS-8 N1s
— BCN-NT/NS-8 —— BCN-NT/NS-8_800
—— BCN-NT/NS-10 N1s °

W
M

L I e e

—]_
il W "”‘JM

L)

Intensity (a.u.)

'

5

[ETF
|

1 1 1 ! 1 1 1 1
1200 1000 800 600 400 200 0 1200 1000 800 600 400 200 0

Binding Energy (eV) Binding Energy (eV)

Figure S4. XPS survey spectra of (a) BCN-NT/NS composites prepared with different PEG

precursors; (b) BCN-NT/NS composites prepared at different temperatures.
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Figure S5. Deconvoluted XPS N1s peak of (a) BCN-NT/NS-1; (b) BCN-NT/NS-6; (c) BCN-

NT/NS-8; (d) BCN-NT/NS-10; (¢) BCN-NT/NS-8_800; (f) BCN-NT/NS-8_1000.
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Figure S6. Deconvoluted XPS B1s peak of (a) BCN-NT/NS

-NT/NS-8 1000.
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Figure S7. Nitrogen adsorption-desroption isotherms of (a) BCN-NT/NS composites prepared

with different PEG precursors; (b) BCN-NT/NS composites prepared at different temperatures.
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Figure S8. Pore size distribution of (a) BCN-NT/NS composites prepared with different PEG

precursors; (b) BCN-NT/NS composites prepared at different temperatures.
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Figure S9. PDS and PMS activation for oxidative degradation of phenol by BCN-NT/NS-2.

Conditions: [Catalyst] = 0.2 g/L, [Persulfate]= 2 g/L, [Phenol], = 100 ppm.
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Figure S10. XPS survey spectrum of N-rGO.

11



o BCN-NT/NS-6_reduced Sample 2
i 3 BCN-NT/NS-8
0.8 H) —0— BCN-NT/NS-6
Sample 1 Sample 2
C(at.%) 65.46 65.21
N(at.%) 9.72 10.31
B(at.%) 1084 11.08
O(at.%) 14.28 134

1.0 R —a— BCN-NT/NS-8_reduced Sample 1

e

i | B
s
. 3
ik
—
-7-:"1‘-'1-» | L 1 ™
90 120 150 180
Time (min)

Figure S11. PDS activation for oxidative degradation of phenol by BCN-NT/NS-8, BCN-
NT/NS-6 and the corresponding reduced samples. Conditions: [Catalyst] = 0.2 g/L, [PDS]=7.4

mM, [Phenol], =200 ppm.
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Figure S12. TOC removal during the phenol degradation process by BCN-NT/NS-8/PDS

system. Conditions: [Phenol]o= 200 ppm, [PDS]y= 7.4 mM, [Catalyst],= 0.2 g L.
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Figure S13. Cycling test of BCN-NT/NS-8/PDS system for phenol degradation and the
elemental composition of reused BCN-NT/NS-8 by XPS analysis. Conditions: [Phenol],= 200

ppm, [PDS]y= 7.4 mM, [Catalyst],= 0.2 g L.
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Figure S14. The most stable configuration of S,04%>" adsorbed onto (a) pristine graphene, (b)

gNi-doped graphene, (c) gNz-doped graphene, (d) pdNz-doped graphene, (e) gNa-doped
graphene, (f) pdNa-doped graphene, (g) prN-doped graphene, (h) Bz-doped graphene, (i) Bi-
doped graphene, (j) Ba-doped graphene, (k) BC,O-doped graphene, (1) BCO,-doped graphene,
(m) Bi-C-N-doped graphene, (n) B-pdNz pair-doped graphene, (o) Bz-C-prN-doped graphene
(p) BCO;,-gNz-doped graphene, (q) B-gNa pair-doped graphene and (r) Bz-C-gNz-doped

graphene.
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