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Fig. S1 Time-dependent UV-vis spectra recorded with and without the addition of NaBH4 

into 4-NP solution.
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Fig. S2 Catalytic performance (a) and k values (b) of the N-C, Co-N-C, and Co-N-C-S. 

Reaction conditions: [4-NP] = 0.15 mM, [catalyst loading] = 50 mg·L−1, and [NaBH4] = 30 

mM.
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Fig. S3 Catalytic performance of Co-N-C-S catalysts prepared with different thiourea 

amounts.
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Fig. S4 Effects of the catalyst loading (a), NaBH4 concentration (b), and initial 4-NP 

concentration (c) on the removal efficiency of 4-NP. Reaction conditions: [4-NP] = 0.15 

mM and [NaBH4] = 30 mM (a); [4-NP] = 0.15 mM and [catalyst loading] = 50 mg·L−1 (b); 

[catalyst loading] = 50 mg·L−1 and [NaBH4] = 30 mM (c).
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Fig. S5 XRD patterns of Co-N-C-S before and after six catalytic cycles.
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Fig. S6 TEM images of Co-N-C-S before (a) and after (b) six catalytic cycles.
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Table S1 The fraction of pyridinic N and pyrrolic N in N-C, Co-N-C, and Co-N-C-S.

Samples States Fractions (%)
Pyridinic N 16.89N-C
Pyrrolic N 83.11
Pyridinic N 38.06Co-N-C
Pyrrolic N 61.94
Pyridinic N 46.38Co-N-C-S
Pyrrolic N 53.62
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Table S2 Catalytic activities of 4-NP reduction on different metal catalysts.

Catalysts
Reduction 

time (s)
k (s−1) nNaBH₄/n4-NP Reference

Au/graphene hydrogel 720 0.00317 1000 1

Au/CeO2@ZrO2 1300 0.0241 12.3 2

Au@g-C3N4 600 0.0150 10 3

Ni@Pd/KCC-1 290 0.0204 833.3 4

Pt-Au-PDA/RGO 180 0.00958 111.1 5

Au/CB 360 0.0138 100, 200, 300, 400 6

Agx/C15h 20 0.0125 500 7

PDA-g-C3N4/Au 60 0.0216 50, 100, 200, 300, 400 8

Fe3O4@COF-Au 1440 0.00370 440 9

Co-N-C-S 150 0.0361 200 This work
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Table S3 The summary of all experimental conditions.

Reaction conditions

Experiments
[4-NP] (mM)

[catalyst loading] 

(mg·L−1)
[NaBH₄] (mM)

Comparison of performance among three materials 0.15 50 30

Effects of the catalyst loading on the performance of the Co-N-C-S 0.15 30, 40, 50, 60, 70 30

Effects of the NaBH4 concentration on the performance of the Co-N-C-S 0.15 50 7.5, 15, 30, 45

Effects of the initial 4-NP concentration on the performance of the Co-N-C-S 0.05, 0.10, 0.15, 0.20, 0.30 50 30

Cyclic experiments 0.15 50 30

Catalytic performance of the Co-N-C-S in different water matrices 0.15 50 30
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