
1 
 

SUPPLEMENTARY MATERIAL 

 

Table S1 Half-life time (min) for the investigated pollutants in mixture (2 mg/L each, 1000 mg/L of catalyst) 

 

 

 

 

 

 

 

 

 

 

  

 Milli-Q Water Wastewater 

TiO2-P25 Ce-ZnO TiO2-SG TiO2-P25 Ce-ZnO TiO2-SG 

Carbamazepine 7.30 3.57 3.40 8.45 6.42 6.36 

Sulfamethoxazole 5.98 1.96 3.04 9.12 5.73 7.30 

Atenolol 6.93 3.89 3.87 7.15 6.60 5.82 

Bisphenol A 4.15 4.10 3.21 4.15 5.33 10.05 

Diclofenac 4.92 5.78 4.62 7.45 5.92 5.25 

Caffeine 5.73 4.18 5.55 7.97 5.50 7.15 

Ibuprofen 2.36 1.79 1.62 13.33 5.37 5.42 
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Table S2 TPs formed from CBZ degradation in wastewater (mean peak areas). 

 

Table S3 TPs formed from SMX degradation in wastewater (mean peak areas). 

 

Table S4 TPs formed from ATL degradation in wastewater (mean peak areas). 

 

Table S5 TPs formed from BPA degradation in wastewater (mean peak areas). 

 

Table S6 TPs formed from DCF degradation in wastewater (mean peak areas). 

 

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

287 A 1.34x105 6.90x105 - 269 A 1.00x105 1.66x105 1.21x105 

287 B 1.50x106 3.60x106 - 269 B 1.64x105 5.98x105 3.32x105 

271 A 4.12x105 1.06x106 1.33x105 269 C 1.79x105 4.52x105 7.18x105 

271 B 9.76X105 1.37x106 1.36x104 269 D 1.49x105 7.27x104 3.54x105 

267 A 6.42x104 4.97x104 4.81x105 253 A 1.26x106 1.78x106 7.46x106 

267 B 2.26x105 1.32x105 1.91x106 253 B 7.22x106 9.03x106 4.00x107 

267 C 1.25x105 5.95x104 6.49x105 253 C 9.55x106 1.14x107 4.77x107 

267 D 7.09x104 6.14x104 1.65x105 253 D 1.25x106 9.70x106 7.00x106 

267 E 7.04x104 1.70x105 1.82x104 251 5.51x106 1.73x106 1.63x107 

226 2.40x105 - 9.50x105 224 3.94x105 1.08x106 9.04x106 

223 4.13x105 1.00x106 1.59x106     

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

288  1.20x104 1.84x105 4.10x105 172 5.48x104 1.10x105 8.83x104 

286 B 2.87x104 2.58x105 4.86x105 156 6.31x105 5.86x105 9.55x105 

284 1.14x105 - 2.40x105 110 7.39x104 1.09x105 - 

270 A 5.22x104 1.63x105 7.30x105 108 5.77x104 1.60x105 3.10x105 

270 B 7.89x106 2.15x107 3.38x106     

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

315 C 2.47x104 2.83x103 2.24x104 281 A 7.59x103 2.91x104 4.34x104 

315 D 2.89x104 6.75x104 2.94x105 281 B 1.45x105 5.94x104 9.46x105 

315 F 4.37x105 5.99x105 3.64x106 254 8.50x104 5.11x104 4.82x105 

297 2.03x105 8.68105 3.22x106 238 8.60x105 5.57x107 7.01x106 

283 B 1.12x105 2.38105 2.13x106 225 1.88x104 6.68x104 1.98x105 

283 C 4.33x105 - 5.65x105 152 5.44x105 6.26x105 4.34x106 

283 D 7.95x105 2.94x106 4.22x106 134 1.50x107 5.78x108 7.89x107 

283 E 7.70x103 2.39x105 8.91x105 232 7.48x104 9.19x104 7.41x105 

283 F - 2.85x104 1.54x105     

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

273 1.12x105 7.74x104 3.11x105 165 4.77x103 3.57x104 - 

257 2.23x104 7.11x104 7.20x105 151 4.58x104 - 3.22x104 

243 A 2.92x104 1.66x105 4.43x104 135 6.43x104 - 2.88x105 

243 B 2.77x103 7.35x102 6.47x104     

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

324 2.4x103 2.13x104 - 276 4.53x103 1.20x104 4.42x104 

310 A 4.43x104 3.11x104 2.07x104 264 3.88x104 6.48x104 3.52x105 

310 B 2.57x105 1.99x105 1.33x106 150 7.34x104 8.92x103 1.52x105 
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Table S7 TPs formed from IBP degradation in wastewater (mean peak areas). 

 

Table S8 TPs formed from CAF degradation in wastewater (mean peak areas). 

 

 

 

  

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

267 A - - 4.73x103 237 C 3.26x103 8.48x104 1.39x106 

267 B 7.24x103 2.58x104 4.52x105 221 A - - 2.19x105 

253 A - 2.25x104 2.14x104 221 B - - 1.97x105 

253 B - - 3.92x104 221 C - - 7.18x104 

253 C - - 5.17x104 221 D - 3.32x104 3.21x104 

253 D - 1.35x104 6.24x104 221 E 1.62x106 1.45x106 2.77x106 

251 A 2.38x105 2.41x104 1.69x106 219 - - 1.59x105 

251 B 3.16x105 6.54x104 2.74x106 207 - - 1.06x105 

237 A 1.70x104 7.30x104 1.18x106 191 B 2.72x103 3.83x104 9.54x104 

237 B 3.79x103 7.74x104 1.49x106 177 - 1.03x103 5.81x103 

TP TiO2-P25 Ce-ZnO TiO2-SG TP TiO2-P25 Ce-ZnO TiO2-SG 

229 5.12x105 6.94x105 6.87x105 170 B - 3.20xx105 5.65x105 

213 8.95x105 2.24x105 4.11x105 144 2.98x104 8.83x105 1.12x106 

201 A 3.43x106 1.46x106 1.10x106 142 A 1.69x105 1.97x106 4.53x106 

201 B - 1.97x105 3.12x105 142 B 1.12x105 9.49x104 1.30x106 

199 A 3.48x105 2.64x105 1.51x105 128 2.56x106 3.19x105 2.78x105 

199 B - 6.54x104 5.83x104 127 1.84x105 8.57x106 7.53x106 

199 C 9.53x104 8.84x104 1.49x105 118 5.63x104 8.94x106 3.57x105 

184 2.14x105 5.51x105 7.75x105 103 6.64x105 4.85x106 3.39x106 

170 A 1.89x104 5.49x105 2.34x105     
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Tables S9-S13 show the transformation products detected during the photodegradation of investigated CECs 

(10 mg/L) with TiO2 (200 mg/L) in MilliQ water, with the proposed formula and the references used for the 

identification of the different TPs. 

Table S9. Carbamazepine 

Precursor 
ion [M+H]+ 

tR (min) Product ions Structure Ref. 

MS2 MS3   

CBZ 
237.1025 
C15H13ON2 

20.81 194.0965 C14H12N (-CHON) [100] - 

 

[1] 

220.07605 C15H10NO+ (-NH3) 
[1.08] 

- 

287.1031 
C15H15O4N2

+ 
A 11.57 269.0958 C15H13O3N2 (-H2O) [100] 226.0860 C14H12O2N (-CHON) [100] 

252.0655 C15H10O3N (-NH3) [95] 
196.0755 C13H10ON (-C2H3O2N) [11] 

 

[1] 

B 12.74 269.0959 C15H13O3N2 (-H2O) [100] 226.0861 C14H12O2N (-CHON) [100] 
252.0655 C15H10O3N (-NH3) [95] 
196.0753 C13H10ON (-C2H3O2N) [11] 

C 14.99 269.0958 C15H13O3N2 (-H2O) [100] 252.0653 C15H10O3N (-NH3) [100] 
196.0753 C13H10ON (-C2H3O2N) [58] 
226.0857 C14H12O2N (-CHON) [29.5] 

226.0893 C14H12O2N (-CH3O2N) 
[3.5] 

- 

271.1083 
C15H15O3N2

+ 

A 10.80 253.1008 C15H13O2N2 (-H2O) [100] 236.0701 C15H10O2N (-NH3) [100] 
210.0908 C14H12ON(-CHON) [57] 
180.0801 C13H10N (-C2H3O2N) [16] 
208.0752 C14H10ON (-CH3ON) [6] 

 
 

[1] 

236.0739 C15H10O2N (-H5ON) 
[8.5] 

- 

210.0941 C14H12ON (-CH3O2N) [5] - 

B 14.24 253.1009 C15H13O2N2 (-H2O) [100] 236.0701 C15H10O2N (-NH3) [100] 
210.0908 C14H12ON(-CHON) [57] 
180.0801 C13H10N (-C2H3O2N) [16] 
208.0752 C14H10ON (-CH3ON) [5] 

236.0741 C15H10O2N (-H5ON) 
[8.5] 

- 

210.0940 C14H12ON(-CH3O2N) [5] - 

269.0926 
C15H13O3N2

+ 
 

A 11.57 226.0859 C14H12O2N (-CHON) 
[100] 

198.0907 C13H12ON (-CO) [100] 

 

[1] 

252.0653 C15H10O3N (-NH3) [92] 196.0751 C13H10ON (-C2O2) [100] 
208.0751 C14H10ON (-CO2) [43] 
224.0737 C14H10O2N (-CO) [43] 

196.0752 C13H10ON (-C2H3O2N)  
[6.6] 

- 

B 12.67 252.0655 C15H10O3N (-NH3) [100] 196.0751 C13H10ON (-C2O2) [100] 
208.0751 C14H10ON (-CO2) [43] 
224.0701 C14H10O2N (-CO) [42] 

 

[1] 

226.0861 C14H12O2N (-CHON) 
[96.4] 

198.0906 C13H12ON (-CO) [100] 
196.0751 C13H10ON (-CH2O) [4.5] 

196.0752 C13H10ON (-C2H3O2N)  
[8.5] 

- 

C 13.13 226.0860 C14H12O2N (-CHON) 
[100] 

198.0907 C13H12ON (-CO) [100] 
208.0750 C14H10ON (-H2O) [28] 
 

[1] 

224.0706 C14H12O2N (-CH3ON) 
[21.7] 

- 
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252.0653 C15H10O3N (-NH3) [15.7] 224.0699 C14H10O2N (-CO) [100] 

 
D 14.07 226.0859 C14H12O2N (-CHON) 

[100] 
180.0801 C13H10N (-CH2O2) [100] 

198.0906 C13H12ON (-CO) [36] 

 

[1] 

E 15.02 251.0815 C15H11O2N2 (-H2O) [100] 180.0800 C13H10N(C2HO2N)[100] 
208.0749 C14H10ON (-CHON)[85] 
223.0859 C14H11ON2 (-CO)[18.5] 

 

[1] 

226.0860 C14H12O2N (-CHON) 
[34.3] 

- 

224.0705 C14H10O2N (-CH3ON) 
[22.1] 

- 

252.0654 C15H10O3N (-NH3) [21.8] - 

F 15.55 226.0859 C14H12O2N (-CHON) 
[100] 

198.0906 C13H12ON (-CO) [100] 
208.0749 C14H10ON (-H2O) [76.4] 

 

[1] 

224.0704 C14H10O2N (-
CH3ON)[18.6] 

- 

252.0653 C15H10O3N (-NH3) [6.5] - 

G 16.37 251.0814 C15H11O2N2 (-H2O) [100] 208.0751 C14H10ON (-CHON) [100] 
223.0859 C14H11ON2 (-CO) [18.5] 
180.0801 C13H10N(C2HO2N) [10] 

 

[1] 

226.0860 C14H12O2N (-CHON) 
[26] 

208.0750 C14H10ON (-H2O) [100] 
198.0906 C13H12ON (-CO) [45.2] 
180.0800 C13H10N(-C2HO2N) [27] 

H 16.50 251.0815 C15H11O2N2 (-H2O) [100] 208.0751 C14H10ON (-CHON) [100] 
223.0861 C14H11ON2 (-CO) [13.8] 
180.0802 C13H10N(C2HO2N) [8.2] 

 

[1] 

208.0755 C14H10ON (-CH3O2N) 
[54.6] 

- 

223.0865 C14H11ON2 (-CH2O2) [31] - 

226.0861 C14H12O2N (-CHON) 
[21] 

- 

180.0804 C13H10N (-C2H3O3N) [15] - 

267.0769 
C15H11O3N2

+ 

 

A 12.85 249.0693 C15H9O2N2 (-H2O) [100] 221.0706 C14H9ON2 (-CO) [100] 

 

[1] 
 224.0737 C14H10O2N (-CHON) 

[63.5] 
- 

196.0782 C13H10ON (-C2HO2N) 
[58] 

- 

B 14.63 224.0736 C14H10O2N (-CHON) 
[100] 

- 

 

[1] 

196.0781 C13H10ON (-C2HO2N) 
[82] 

- 

239.0847 C14H11O2N (-CO) [18] - 

C 15.48 224.0736 C14H10O2N (-CHON) 
[100] 

180.0801 C13H10N (-CO2) [100] 
196.0751 C13H10ON (-CO) [60] 
168.0800 C12H10N (-CO) [20] 

 

[1] 

196.0782 C13H10ON (-C2HO2N) 
[42] 

168.0799 C12H10N (-CO) [100] 

239.0847 C14H11O2N (-CO) [9] - 

D 17.49 224.0738 C14H10O2N (-CHON) 
[100] 

196.0750 C13H10ON (-CO) [100] 

 

[1] 

196.0784 C13H10ON (-C2HO2N) 
[48] 

- 

250.0535 C15H8O3N2 (-NH3) [54] 194.0596 C13H8ON (-C2HON) [100] 
222.0545 C14H8O2 (-CO) [50] 

239.0851 C14H11O2N (-CO) [6] - 
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E 18.03 196.0781 C13H10ON (-C2HO2N) 
[100] 

- 

 

[1] 

224.0735 C14H10O2N (-CHON) 
[65] 

168.0800 C12H10N (-CO) [100] 

239.0847 C14H11O2N (-CO) [15] 196.0781 C13H10ON (-CO) [100] 

253.0976 
C15H13N2O2

+ 
 

A 14.24 236.0706 C15H10O2N (-NH3) [100] 
 

- 

 

[1] 

210.0943 C14H12ON (-CHON) [58] 
 

182.0957 C13H12N (-CO) [100] 
180.0800 C13H10N (-CH2O) 

180.0832 C13H10N (-C2H3O2N) 
[11.5] 

- 

B 16.69 210.0911 C14H12ON (-CHON) 
[100] 

182.0957 C13H12N (-CO) [100] 
192.0799 C14H10N (-H2O) [25] 

 

[1] 

208.0757 C14H10ON (-CH3ON) 
[19] 

180.0800 C13H10N (-CH2O) [100] 

236.0705 C15H10O2N [16] 208.0751 C14H10ON (-CO) [100] 

C 17.80 210.0910 C14H12ON (-CHON) 
[100] 

182.0958 C13H12N (-CO) [100] 
192.0799 C14H10N (-H2O) [8.5] 

 

[1] 

208.0757 C14H10ON (-CH3ON) 
[12] 

180.0800 C13H10N (-CH2O) [100] 

236.0705 C15H10O2N [6] 208.0751 C14H10ON (-CO) [100] 

D 18.55 210.0910 C14H12ON (-CHON) 
[100] 

182.0956 C13H12N (-CO) [100] 
192.0799 C14H10N (-H2O) [45] 

 

[1] 

251.0820 
C15H11O2N2

+ 
16.37 180.0805 C13H10N (-C2HO2N) 

[100] 
- 

 

[1] 

208.0756 C14H10ON (-CHON) [84] 180.0801 C13H10N (-CO) [100] 

223.0865 C14H11ON2 (-CO) [17.6] - 

226.0867 
C14H12O2N+ 

28.59 208.0705 C14H10ON+ (-H2O) [100] - 

 

This 
work 

180.0761 C13H10N+ (-CH2O2) - 

198.0863 C13H12ON+ (-CO) . 

224.0710 
C14H10O2N+ 

22.03 222.0555 C14H8NO2 (-H2) [100] 
 

- 

 

[2] 

178.0657 C13H8N (-CH2O2) [40] - 

206.0605 C14H8NO (-H2O)  [30] - 

196.0762 C13H10NO (-CO) [10] - 

223.0869 
C14H11ON2

+ 
14.99 180.0761 C13H10N+ (-CHON) - 

 

This 
work 

210.0918 
C14H12NO 

10.82 - - 

 

This 
work 
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Table S10. Sulfamethoxazole 

Precursor ion 
[M+H]+ 

tR 
(min) 

Product ions Structure Ref. 

MS2 MS3 

SMX 
254.0598 
C10H12O3N3S+ 
 
 

15.24 156.0111 C6H6NO2S+ (-C4H6ON2) 
[98] 

108.0438 
C6H6ON+ (-SO) [100] 

 

[3, 
4,5] 

92.0488 
C6H6N (-SO2) [27] 

188.0819 C10H10ON3
+ (-H2O2S) 

[100] 

160.0869  
C9H10N3 (-CO) [100] 

108.0439 C6H6ON+ (-C4H6O2N2S) 
[21.50] 

- 

99.0547 C4H7ON2
+ (-C6H5O2NS) 

[1] 
 

94.06453 C6H8N+ (-C4H4O3N2S) 
[3] 

- 

92.0488 C6H6N+ (-C4H6O3N2S) 
[10] 

- 

288.0654 
C10H14O5N3S+ 

6.77 270.0475 C10H12O4N3S+(-H2O) 
[100] 

 

 

[3,5] 

206.08717 C10H12O2N3
+ (-H2O3S) 

[9.30] 
 

160.0869 C9H10N3
+ (-CH4O5S) 

[8.97] 
 

188.08188 C10H10ON3 (-H4O4S) 
[15.50] 

 

286.0497 
C10H12O5N3S+ 

A 
9.98 

156.0111 C6H6NO2S+ (-C4H6N2O2) 
[5] 

 

 

This 
work 

108.0439 C6H6ON+ (-C4H6O4N2S) 
[4.80] 

 

220.0660 C10H10N3O3
+ (-H2O2S) 

[8] 
 

177.0629 C9H9N2O2
+ (-CH3NO3S) 

[100] 
 

B 
12.08 

269.0397 C10H11O4N3S+ (-HO∙) 
[100] 

 

 

This 
work 

176.0771 C9H10N3O+ (-CH2O4S) 
[70] 

 

268.0318 C10H10O4N3S+ (-H2O) 
[64] 

 

156.0111 C6H6NO2S+ (-C4H6N2O2) 
[26] 

 

108.0439 C6H6ON+ (-C4H6O4N2S) 
[5.08] 

 

220.0660 C10H10N3O3
+ (-H2O2S) 

[26.3] 
 

284.0341 
C10H10N3O5S+ 

23.42 -  

 

This 
work 

270.0548 
C10H12O4N3S+ 

A 
10.67 

156.0111 C6H6NO2S+ (-C4H6ON2) 
[84] 

 

 

[4] 
 

160.0869 C9H10N3
+ (-CH2O4S) [97]  

204.0717 C10H10N3O2
+ (-H2O2S) 

[100] 
 

B 
14.98 

108.0439 C6H6ON+ (-C4H6O4N2S) 
[89] 

 

 

[3, 5] 

124.0358 C6H6NO2
+ (-C4H6N2O2S) 

[13] 
 

189.0611 C6H9N2O3S+ (-H3O2NS) 
[33.40] 
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204.0717 C10H10N3O2
+ (-H2O2S) 

[55] 
 

99.0522 C4H7N2O+ (-C6H5O3NS) 
[100] 

 

172.0018 C6H6NO3S+ (-C4H6N2O) 
[39] 

 

172.0060 
C6H6O3NS+ 

14.94 -  

 

This 
work 

156.0111 
C6H6O2NS+ 

15.20   

 

[3] 

110.0597 
C6H8ON+ 

1.67 -  

 

This 
work 

108.0440 
C6H6ON+ 

14.97 
 

-  

 

[3] 
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Table S11. Atenolol 

Precursor ion 
[M+H]+ 

tR 
min 

Product ions Structure Ref. 

MS2 MS3 

ATL 
267.1708 
C14H23N2O3

+ 

4.96 190.0868  C11H12NO2
+ (-C3H11NO) 

[100] 
145.0652 C10H9O (-CH3NO) [100] 
173.0602 C11H9O2 (-NH3) [20] 

 

[6] 

225.1239 C11H17N2O3
+ (-C3H6) [90.19] - 

208.0973 C11H14NO3
+ (-C3H9N) [37.25] - 

250.1443 C14H20NO3
+ (-NH3) [9.80] 190.0868 C11H12O2N (-C3H8O) [18] 

173.0602 C11H9O2 (-C3H11NO) [100] 

116.1059 C6H14NO+ (-C8H9NO2) 
[15.68] 

74.0589 C3H8ON (-C3H6) [100] 
56.0488 C3H6N (-C3H8O) [20] 

315.1558 
C14H23N2O6

+ 
A 
1.70 

298.1263 C14H20O6N+ (-NH3) [100] 116.1059 C6H14NO+ (-C8H6O5) [100] 
256.1176 C12H18O5N+ (-C2H2O) [85] 
184.0961 C9H14O3N+ (-C5H7O3N) [55] 
254.1383 C13H20O4N+ (-CO2) [35] 
280.1178 C14H18O5N+ (-H2O) [20] 

 

[6] 

B 
2.24 

298.1263 C14H20O6N+ (-NH3) [100] 116.1059 C6H14NO+ (-C8H6O5) [100] 
256.1176 C12H18O5N+ (-C2H2O) [85] 
184.0961 C9H14O3N+ (-C5H7O3N) [55] 
254.1383 C13H20O4N+ (-CO2) [35] 
280.1178 C14H18O5N+ (-H2O) [20] 

 
C 
2.93 

297.1422 C14H21O5N2
+ (-H2O) [100] 134.1165 C6H16O2N+ (-C8H5O3N) 

[100] 
 

 

[6] 

271.1631 C10H25O7N+ (-C4H2ON) [40] - 

116.1059 C6H14NO+ (-C8H9NO5) [20] - 

D 
4.62 

297.1422 C14H21O5N2
+ (-H2O) [100] 134.1165 C6H16O2N+ (-C8H5O3N) 

[100] 
 

 

[6] 

254.1383 C13H20O4N+ (-CH3O2N) [20] 236.0558 C11H10O5N+ (-C2H10O) 
[100] 

298.1263 C14H20O6N+ (-NH3) [70] 134.1165 C6H16O2N+ (-C8H4O4) [100] 

134.1165 C6H16O2N+ (-C8H7O4N) [20] - 

116.1059 C6H14NO+ (-C8H9NO5) [20] - 
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 E 
4.92 

298.1263 C14H20O6N+ (-NH3) [100] 134.1165 C6H16O2N+ (-C8H4O4) [100] 
280.1179 C14H18O5N+ (-H2O) [15] 
116.1059 C6H14NO+ (-C8H6O5) [10] 

 

[6] 

134.1165 C6H16O2N+ (-C8H7O4N) [50] 116.1055 C6H14NO+ (-H2O) [100] 
92.0692 C3H10O2N+ (-C3H6) [50] 
72.0796 C4H10N (-C2H6O2) [30] 
74.0589 C3H8ON (-C3H8O) [25] 

F 
5.48 

297.1422 C14H21O5N2
+ (-H2O) [100] 280.1178 C14H18O5N+ (--NH3) [100] 

239.1033 C11H15O4N2
+ (-C3H6O) [40] 

240.0873 C11H14O5N+ (-C3H7N) [38] 
134.1171 C6H16O2N+ (-C8H5O3N) [35] 
279.1351 C14H19O4N2

+ (-H2O) [25] 
166.0497 C8H8O3N+ (-C6H13O2N) [18] 

 

[6] 

134.1165 C6H16O2N+ (-C8H7O4N) [15] 116.1055 C6H14NO+ (-H2O) [100] 
92.0692 C3H10O2N+ (-C3H6) [45] 

297.1450 
C14H21N2O5

+ 
8.03 280.1160 C14H18O5N+ (-NH3) [100] 262.1078 C14H16O4N+ (-H2O) [100] 

116.1067 C6H14NO+ (-C8H4O4) [93] 
221.0448 C11H9O5

+ (-C3H9N) [67] 
238.0716 C11H12O5N+ (-C3H6) [7] 

 

[6] 

238.0693 C11H12O5N+ (-C3H9) [22] - 

116.1067 C6H14NO+ (-C8H7O4N) [9] - 

283.1658 
C14H23O4N2

+ 
A 
2.32 

265.2523 C14H21O3N2
+ (-H2O) [55] 223.1072 C11H15O3N2

+ (-C3H6) [100] 
206.0805 C11H12O3N+ (-C3H9N) [45] 

 

[6] 

225.1239 C11H17N2O3
+ (-C3H6O) [55] - 

224.1275 C12H18O3N+ (-C2H5ON) [35] - 

223.1083 C11H15O3N2
+ (-C3H9O) (40) 164.0711 C9H10O2N+ (-C2H5ON) 

[100] 

116.1059 C6H14ON+ (-C8H9O3N) 
[100] 

72.0796 C4H10N (-C2H4O) [100] 

164.0711 C9H10O2N+ (-C5H13O2N) [40] 122.0586 C7H8ON (--C2H2O) [100] 

B 
2.93 

225.1239 C11H17N2O3
+ (-C3H6O) [55] - 

 

[6] 

223.1083 C11H15O3N2
+ (-C3H9O) [40] 164.0711 C9H10O2N+ (-C2H5ON) 

[100] 

265.2523 C14H21O3N2
+ (-H2O) [55] 223.1072 C11H15O3N2

+ (-C3H6) [100] 
206.0805 C11H12O3N+ (-C3H9N) [45] 

224.1275 C12H18O3N+ (-C2H5ON) [35] - 

164.0711 C9H10O2N+ (-C5H13O2N) [40] 122.0586 C7H8ON (--C2H2O) [100] 

116.1059 C6H14ON+ (-C8H9O3N) [100] 72.0796 C4H10N (-C2H4O) [100] 

C 
4.17 

116.1059 C6H14ON+ (-C8H9O3N) [100] 72.0796 C4H10N (-C2H4O) [100] 
74.0589 C3H8ON (-C3H6) [20] 

[6] 
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265.2523 C14H21O3N2
+ (-H2O) [10] 248.1277 C14H18O3N (-NH3) [100] 

116.1059 C6H14NO+ -(C8H7NO2) [25] 

 
D 
4.85 

190.0868 C11H12O2N+ (-C3H11O2N) [8] - 

 

[6] 

265.1552 C14H21O3N2
+ (-H2O) [100] 190.0855 C11H12O2N+ (-C3H9ON) 

[100] 248.1277 C14H18O3N+ (-NH3) 
[55] 
114.0902 C6H12ON (-C8H9O2N) [40] 
145.0638 C10H9O  (-C4H12N2O2) [20] 
220.1326 C13H18O2N (-CH3ON) [20] 

191.0708 C11H11O3
+ (-C3H12ON2) [10] - 

E 
5.34 

241.1188 C11H17O4N2
+ (-C3H6) [100] 224.0921 C11H14O4N+ (-NH3) [100] 

178.0863 C10H12O2N+ (-CH5O2N) [20] 
74.0594 C3H8ON+ (-C8H9O3N) [15] 

 

[6] 

206.0817 C11H12O3N+ (-C3H11ON) [95] 178.0863 C10H12O2N+ (-CO) [100] 
161.0597 C10H9O2

+ (-CH3ON) [70] 
189.0548 C11H9O3 (-NH3) [65] 

266.1392 C14H20O4N+ (-NH3) [20] 206.0795 C11H12O3N+ (-C3H8O) [100] 
248.1262 C14H18O3N+ (-H2O) [30] 
178.0847 C10H12O2N+ (-C4H8O2) [20] 
189.0530 C11H9O3

+
 (-C3H11ON) [15] 

189.0552 C11H9O3 (-C3H12ON2) [20] 161.0597 C10H9O2
+ (-CO) [100] 

133.0646 C9H9O (-C2O2) [25] 

178.0854 C10H12O2N (-C4H11O2N) [50] - 

224.0922 C11H14O4N (-C3H9N) [50] 206.0817 C11H12O3N+ (-H2O) [100] 
178.0847 C10H12O2N+ (-CH2O2) [35] 

F 
8.76 

266.1392 C14H20O4N+ (-NH3) [100] 224.0922 C11H14O4N+ (-C3H8) [95] 
161.0602 C10H9O2

+ (-C4H11O2N) [25] 
189.0552 C11H9O3

+
 (-C3H11ON) [100] 

220.1315 C13H18O2N+ (-CH2O2) [25] 
116.1075 C6H14ON+ (-C8H6O3) [25] 
248.1262 C14H18O3N+ (-H2O) [8] 

 

[6] 

116.1075 C6H14ON+ (-C8H9O3N) [70] 72.0796 C4H10N+ (-C2H4O) [100] 
74.0589 C3H8ON+ (-C3H6) [65] 

194.0817 C10H12O3N (-C4H11ON) [25] - 

281.1502 
C14H21O4N2

+ 
A 

4.86 
239.1031 C11H15O4N2

+ (-C3H6) [100] - 

 

[6] 

263.1396 C14H19O3N2
+ (-H2O) [70] - 

166.0499 C8H8O3N+ (-C6H13ON) [45] - 

221.0924 C11H13O3N2
+ (-C3H8O) [25] - 

114.0911 C6H12ON+ (-C8H9O3N) [20] - 

B 
5.69 

263.1395 C14H19O3N2
+ (-H2O) [9] 204.0660 C11H10O3N+ (-C3H9N) [15] 

218.1178 C13H16O2N+ (-CH3O) [100] 
[6] 
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239.1030 C11H15O4N2
+ (-C3H6) [17] 194.0804 C10H12O3N+ (-CH3ON) 

[100] 
121.0273 C7H5O2

+ (-C4H10O2N2) [80] 

 

116.1067 C6H14ON+ (-C8H7O3N) [100] 74.0242 C3H8ON+ (-C3H6) [100] 

218.1173 C13H16O2N+ (-CH5O2N) [35] 176.0707 C10H10O2N+ (-C3H6) [100] 
161.0597 C10H9O2

+ (-C3H7N) [98] 

194.0814  C10H12O3N+ (-C4H9ON) [34] 74.0242 C3H8ON+ (-C3H6) [15] 
121.0281 C7H5O2

+ (-C3H7ON) [100] 

176.0707 C10H10O2N+ (-C4H11O2N) [16] 121.0281 C7H5O2
+ (-C3H5N) [100] 

159.0441 C10H7O2
+ (-NH3) [45] 

204.0658 C11H10O3N+ (-C3H11ON) [7] - 

191.0701 C11H11O3
+ (-C3H11ON) [70] - 

165.0546 C9H9O3
+ (-C5H13ON) [33] - 

145.0647 C10H9O+ (-C4H13O3N) [100] - 

254.1391 
C13H20O4N+ 

6.20 212.0920 C10H14O4N + (-C3H6) [100] 177.0547 C10H9O3 (-C3H11ON) [100] 
133.0647 C9H9O (-CH5O3N) [21] 
105.0695 C8H9

+ (-C2H5O4N) [9] 
194.0813 C10H12O3N+ (-H2O) [6] 

 

[6] 

177.0547 C10H9O3 (-C3H11ON) [84] - 

236.1287 C13H18NO3
+ (-H2O) [57] 177.0547 C10H9O3 (-C3H9N) [100] 

194.0814 C10H12O3N+ (-C3H6) (23) 
98.0960 C6H12N+ (-C7H6O3) [16] 

194.0814 C10H12O3N+ (-C3H8O) [55] - 

105.0695 C8H9
+ (-C5H11O4N) [10] - 

238.1442 
C13H20O3N 

7.09 220.1347 C13H18NO2
+ (-H2O) [7] - 

 

[7] 

196.0976 C10H14NO3
+ (-C3H6) [33] - 

178.0857 C10H12NO2
+ (-C3H8O) [5] - 

161.0598 C10H9O2
+ (-C3H11ON) [33] - 

149.0605 C9H9O2
+ (-C4H11ON) [15] - 

133.0651 C9H9O+ (-C4H11O2N) [15] - 

123.0442 C7H7O2
+ (-C6H13ON) [6] - 

267.1708 
C14H23N2O3

+ [100] 
- 

225.1238 
C11H17N2O3

+ 

2.87 208.1000  C11H14NO3
+ (-NH3) [60] - 

 

[7, 8] 

190.0875 C11H12O2N+ (-H5NO) [100] - 

178.0881 C10H12NO2
+ (-CH5NO) [40] - 

145.0660 C10H9O+ (-CH8N2O2) [90] - 

133.0655 C9H9O+ (-C2H8N2O2) [15]  

152.0706 
C8H10O2N 

6.80 107.0488 C7H7O+ (-CH3ON) [100] - 

 

[8] 

134.1173 
C6H16O2N 

1.64 92.0702 C3H10O2N+ (-C3H6) [20] - 

 

[6] 

116.1067 C6H14NO+ (-H2O) [100] 72.0802 C4H10N+ (-C2H4O) [29] 
74.0595 C3H8ON+ (-C3H6) [20] 

 

  



13 
 

Table S12. Bisphenol A 

Precursor ion 
[M+H]- 

tR (min) Product ions Structure Ref. 

MS2 

BPA 

227.1105 

C15H15O2
- 

16.46 227.1105 C15H15O2
- [100] 

133.0681 C9H9O (-C6H6O) [3] 

212.0871 C14H12O2
•-  (-CH3) [50]- 

 

[9] 

273.0796 

C15H13O5
- 

14.02 - 

 

This 
work 

257.0851 

C15H13O4
- 

17.67 229.0818 C14H13O3
- (-CO) [100] 

 

[9] 

163.0365 C9H7O3
- (-C6H6O) [12] 

243.1057 
C15H15O3

- 

 

A 21.30 
 

243.1057 C15H15O3 [18.50] 

 
 

[9] 

93.0332 C6H5O- (-C9H10O2) [1] 

149.0579 C9H9O2
- (-C6H6O) [3] 

228.0824 C14H12O3
-• (-•CH3) [100] 

B 24.39 243.1057 C15H15O3 [18.50] 

 

[9] 

228.0824 C14H12O3
-•  (-•CH3) [100] 

149.0579 C9H9O2
- (-C6H6O) [5.50] 

165.0432 
C9H9O3

- 
11.03 - 

[ 

This 
work 

151.0787 
C9H11O2 

9.4 - 

 

[10] 

149.0605 
C9H9O2

- 
12.59 - 

 

[9] 

135.0472 
C8H7O2 

10.21 93.0442 C6H5O- (-C2H2O) [100] 

 

[9] 
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Table S13. Diclofenac 

Precursor ion 
[M+H]- 

tR 
(min) 

Product ions Structure Ref. 

MS2 MS3 

DCF 
294.0133 
C14H10Cl2NO2

- 

25.67 250.0229 
C13H10NCl2 (-CO2) [100] 
 

214.0390 C13H9NCl (-
HCl) [100] 
 

 

[11] 

325.9849 
C14H10Cl2NO4 

24.53 - 

 

[11,12] 

323.9878 
C14H8Cl2NO4 

24.73 279.9888 C13H9Cl2NO2
- (-CO2) [100] 

 

This 
work 

244.0127 (-CH2O2Cl) [15] 

310.0080 
C14H10Cl2NO3 

A 
17.82 

- 

 

[11, 12] 

B 
21.03 

266.0097 C13H10Cl2NO- (-CO2) [100] 
230.0336 C13H9ClNO- (-CHClO2) [63] 
194.0579 C13H8NO-(-CH2O2Cl2) [13] 

C 
21.70 

- 

306.0217 
C14H9ClNO5 
 

A 8.42 - 

 

This 
work 

B 
11.39 
 

270.0358 C14H8NO5
- (-HCl) [100] 

226.0468 C13H8NO3
- (-CH2O2Cl) [33] 

279.9972 
C13H8Cl2NO2 

11.36 - 

 

This 
work 

276.0469 
C14H11ClNO3 

21.28 258.0282 C14H9ClNO2
- (-H2O)  [100] 

 

This 
work 

232.0493 C13H11ClNO- (-CO2) [10] 

264.0024 
C13H8Cl2NO 

19.30 228.0180 C13H7ClNO (-HCl) [100] 

 

This 
work 



15 
 

 
 

232.0563 
C13H11ClNO 
 

9.65 - 

 

This 
work 

166.0504 
C8H8NO3 

A 
11.20 

- 

 

[11] 

B 
11.40 

- 

150.0584 
C8H8NO2 

5.04 - 

 

[11] 
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Table S14. Ibuprofen 

Precursor ion 
[M+H]- 

tR (min) Product ions   Structure Ref. 

MS2 MS3 

IBP 
205.1223 
C13H17O2

- 

28.12 161.1361 C12H17
- (-CO2) 

[100] 
- 

 

[12, 13, 14] 

159.12054 C12H15
-
 (-

H2CO2) [1] 

 

- 

267.1270 
C14H19O5

- 
A 17.31 221.1140 C13H17O3

- (-CH2O2) [100] 

 

This work 
 

177.1252 C12H17O- (-C2H2O4) [65] 

B 22.96 221.1140 C13H17O3
- (-CH2O2) [100] 

177.1252 C12H17O- (-C2H2O4) [83] 

253.1116 
C13H17O5

- 

A 14.22 - 

 

This work 

B 15.59 - 

C 16.01 - 

D 17.02 

251.0943 
C13H15O5

- 
A 16.60 - 

 

This work 

B 17.70 

237.1161 
C13H17O4

- 
A 17.71 - 

 

[13] 

B 18.61 - 

C 19.28 - 

221.1209 
C13H17O3

- 
 

A 15.92 - 

 
 

[12, 13] 

B 17.23 - 

C 20.33 177.1252 C12H17O- (-CO2) [100] 

D 22.70 177.1252 C12H17O- (-CO2) [55] 
159.1150 C12H15

- (-CH2O3) [100] 

 E 23.33 177.1252 C12H17O- (-CO2) [100] 

219.0980 
C13H15O3

- 
A 18.88 - 

 

This work 

207.1055 
C12H15O3 

28.19 191.0697 C11H11O3
- (-CH4) 

 

[14] 

164.0500 C9H8O3
- (-C3H7) 

150.0306 C8H6O3
- (-C4H9) 

135.0453 C8H7O2
- (-C4H8O) 

121.0293 C7H5O2
- (-C5H10O) 

106.0453 C7H6O- (-C5H9O2) 

93.0329 C6H5O- (-C6H10O2) 

193.12604 
C12H17O2

- 
A 16.47 177.0915 C11H13O2

- (-CH4) 

 

[14] 

149.0966 C10H13O- (-C2H4O) 

B 17.99 - 

191.1066 
C12H15O2

- 
A 10.91 177.0915 C11H13O2

- (-CH3) 

 

[14] 

149.0966 C10H13O- (-C2H2O) 

163.0759 C10H11O2
- (-C2H4) 

135.0809 C9H11O- (-C3H4O) 

B 18.58 177.0915 C11H13O2
- (-CH3) [14] 

149.0966 C10H13O- (-C2H2O) 

163.0759 C10H11O2
- (-C2H4) 
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189.0907 
C12H15O2

- 
11.84 - 

 

This work 

181.0744 
C10H13O3

- 
1.93 - 

 

This work 

179.0743 
C10H11O3

- 
5.68 - 

 

[13] 

177.1274 
C12H17O 

A 8.53 163.1122 C11H15O- (-•CH3) [100] 

 

[12] 

B 9.60 - 

165.0910 
C10H13O2

- 
16.66 150.0680 C9H10O2

•- (-•CH3) 

 

[14] 

93.0340 C6H5O- (-C4H8O) 

149.0631 
C9H9O2

- 

7.34 134.0365 C8H6O2
- (-•CH3)   

 

 

[12] 

119.0487 C8H7O- (-CH2O) 

143.1100 
C8H15O2

- 
13.26 - 

 

This work 

133.0681 
C9H9O- 

6.95 131.0489 C9H7O- (-H2) 

 

[12, 13] 

105.0355 C8H9
- (-CO) 

103.0549 C8H7
- (-H2CO) 

129.0579 
C6H9O3

- 

5.89 - 

 

[13] 

125.0265 
C6H5O3

- 
 

2.79 - 

 

This work 

117.0546 
C5H9O3

- 
2.72 - 

 

[13] 
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Table S15. Caffeine  

Precursor ion 
[M+H]+ 

tR (min) Product ions Structure Ref. 

MS2 MS3 

CAF 
195.0876 
C8H11N4O2

+ 

9.20 138.0660 (100) 
C6H8ON3

+ 

 

110.0707 (100) 
C4H8N3

+ (-CO) 

 

[15] 

83.0597 (13) 
C4H7N2 (-C2HON) 

69.04414 (16) 
C3H5N2 (-C3H3ON) 

181.0725 (0.11) 
C7H9N4O2 

- 

110.0709 (1.33) 
C5H8N3 

- 

69.0442 (0.23) 
C3H5N2 

- 

229.0934 
C8H13N4O4

+ 
4.76 184.0666 C7H10N3O3

+ (-CH3ON) [100] 

 
 

This 
work 

211.0767 C8H11N4O3
+ (-H2O) [5] 

213.0987 
C8H13N4O3

+ 
4.25 186.0819 C7H12N3O3

+ (-CHN) [100] 

 

This 
work 

 

201.0985 
C7H13N4O3

+ 
A 3.98 127.0463 C5H7N2O2

+ (-C2H6N2O) [100] 

 

This 
work 

B 5.78 170.0513 C6H8N3O3
+ (-CH5N) [100] 

 

199.0824 
C7H11N4O3 

A 2.90 - 

 

[15] 

B 3.46 - 

C 5.69 - 

184.0713 
C7H10N3O3

+ 

5.27 156.0723 C6H10N3O2
 (-CO) [100] 

 

This 
work 
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170.0560 
C6H8N3O3 

A 5.50 153.0250 C6H5O3N2
+ (-NH3) [100] 

 

This 
work 96.0048 C4H2O2N+ (-C2H6N2O) [18] 

B 6.28 - 

 
144.0766 
C5H10O2N3 

3.68 127.0463 C5H7O2N2
+ (-NH3) [100] 

 

[15] 

113.0093 C4H5N2O2
+ (-CH5N) [32] 

142.0613 
C5H8N3O2 

A 4.54 57.0425 C2H5N2
+ (-C3H3NO2) [100] 

 

This 
work 

B 5.89 - 

 
128.0452 
C4H6O2N3 

3.68 - 

 

This 
work 

127.0499 
C5H7N2O2 

2.32 - 

 

This 
work] 

118.0607 
C3H8O2N3 

3.65 - 

 

This 
work 

103.0497 
C3H7O2N2 

1.71 - 

 

This 
work 
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Scheme 1S Transformation pathway of DCF in water. 
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Scheme 2S Main routes of CAF degradation in water. 
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