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Fig S2. 13CNMR spectrum of 1-(carboxychloromethyl)-4-formyl-pyridin-1-ium chloride [1A]



8

N
O

HO

O

Cl Cl

Calculated (M+H) = 201.0192
Observed (M+H) = 201.0187

Fig S3. TOF MS ES +Ve mode of 1-(carboxychloromethyl)-4-formyl-pyridin-1-ium chloride 
[1A]
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Fig S6. Comparative FT-IR Spectra of PcCFP Photocatalyst recycled upto 6th Run
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Fig S7. BET Data of PcCFP Photocatalyst
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Fig S8. Home-Made Photoreactor

Explanation of Normal Distribution Plots:

The use of normal probability plots allows for a comparison between expected and residual responses, facilitating 
a visual assessment of the normality of these residuals, as depicted in Figure S9. Evaluating the model's adequacy 
necessitates a comparison between predicted values and experimental data. It is vital to ascertain whether the 
residuals exhibit a normal distribution to ensure an optimal distribution of data. This analysis plays a significant 
role in validating the reliability of the outputs generated by the predictive model. Additionally, the configuration 
of data points in relation to the fitted line can be employed to evaluate which model aligns most closely with the 
data. The plot of normal probability against externally studentized residuals (Fig S9. a) exhibited a linear 
association, though with some deviations, suggesting that data points conforming to the principles of normal 
distribution would yield superior model performance. Therefore, linearity in the data would be evident if the 
connecting line forms a 45° angle.

To determine the adequacy of the models used for the conversion of Benzamide to N-Aryl Amides through the 
photocatalytic process, we assessed both residuals and the distribution plot. The alignment of the plotted points 
with the theoretical normality line was analyzed to evaluate the model's suitability and significance (Fig S9. b). 
Likewise, Fig S9.c adeptly showcases the random characteristics of the residuals concerning the predicted 
response, highlighting the absence of any noticeable patterns or trends in the experimental data. This scatter plot 
confirms the lack of systematic variation, reinforcing the unpredictable nature of the residuals. Additionally, a 
plot of residuals plotted against the run number displays a random and scattered distribution (Fig S9. d). Such 
results are pivotal in affirming the adequacy and credibility of the model utilized.
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Fig S9. Plot illustrating the normal distribution of Linear models a. depicting the efficiency of PcCFP 
Photocatalyst for the N-Arylation of Benzamide. b. Comparison between the observed and predicted 
results for photocatalytic N-Arylation of Benzamide. Normal probability plots of residual for photo-

transesterification of UFO to Biofuel as a function of c. Predicted Response and d. Run Number
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Fig S10. 3-D Surface and Contour Plot of N-arylation of Benzamide highlighting the relationship 
between the amount of PcCFP Photocatalyst (A) and duration of reaction (C) with constant molar 

ratio of reactants (B)

Fig S11. 3-D Surface and Contour Plot of N-arylation of Benzamide highlighting the relationship 
between the molar ratio of reactants (B) and duration of reaction (C) with constant amount of 

PcCFP Photocatalyst (A)
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Fig S12. a. GC-MS Chromatogram of sample taken initially at 0 hour of reaction time. b. m/z of Ar-Br 
obtained at 8.94 RT in chromatogram. c. m/z of benzamide obtained at 10.01 RT in chromatogram.
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Fig S13. a. GC-MS Chromatogram of sample taken initially at 6 hour of reaction time. b. m/z of Ar-Br 
obtained at 9.23 RT in chromatogram. c. m/z of benzamide obtained at 11.36 RT in chromatogram.
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Fig S14. a. GC-MS Chromatogram of sample taken initially at 12 hour of reaction time. b. m/z of Ar-Br 
obtained at 9.19 RT in chromatogram. c. m/z of benzamide obtained at 10.51 RT in chromatogram.
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Fig S15. a. GC-MS Chromatogram of sample taken initially at 18 hour of reaction time. b. m/z of Ar-Br 
obtained at 9.65 RT in chromatogram. c. m/z of benzamide obtained at 11.39 RT in chromatogram. d. m/z of 

product obtained at 21.88 RT in chromatogram.
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Fig S16. a. GC-MS Chromatogram of sample taken initially at 24 hour of reaction time. b. m/z of 
benzamide traces obtained at 11.67 RT in chromatogram. c. m/z of product obtained at 21.70 RT in 

chromatogram.
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Table S1. Precursor with respective halogens and its Product obtained via N-arylation of Benzamide

Sr. 
No

Product 
Code

Reactant
R1

Reactants
R2

Product Yield
(%)

1. b1i
NH2

O

Br

NO2

N

H

O
NO2

(b1i)

71%

2. b1ii
NH2

O

Cl

NO2

N

H

O
NO2

(b1ii)

29%

3. b2i
NH2

O

Br

Br

N
H

O

H
N

O

(b2i)

64%

4. b2ii
NH2

O

Cl

Cl

N
H

O

H
N

O

(b2ii)

27%

5. b3i
NH2

O O

Br N
H

O
O

(b3i)

61%

6. b3ii
NH2

O O

Cl N
H

O
O

(b3ii)

22%

7. b4i
NH2

O

Br

O2N NO2

N
H

O

NO2

NO2

(b4i)

73%

8. b4ii
NH2

O

Cl

O2N NO2

N
H

O

NO2

NO2

(b4ii)

35%

9. b5i
NH2

O

Br
N
H

O

(b5i)

63%

10. b5ii
NH2

O

Cl
N
H

O

(b5ii)

30%

11. b5iii
NH2

O

I N
H

O

(b5iii)

72%

12. b6i
NH2

O

Br N
H

O

(b6i)

58%
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13. b6ii
NH2

O

Cl N
H

O

(b6ii)

21%

14. b7
NH2

O

Br N
H

O

(b7)

54%

15. b8
NH2

O
N

Br

O

N
H

N

(b8)

67%

16. b9
NH2

O

Br N
H

O

(b9)

60%

17. b10
NH2

O

NX

O

N
H

N

(b10)

62%

18. b11
NH2

O

OBr N
H

O

O

(b11)

61%

19. b12
NH2

O O

Br

O

N
H

O

(b12)

73%

20. b13i
NH2

O OH

Br

OH

N
H

O

(b13i)

59%

21. b13ii
NH2

O OH

Cl

OH

N
H

O

(b13ii)

22%

22. b14i
NH2

O Br

NH

O

(b14i)

60%

23. b14ii
NH2

O Cl

NH

O

(b14ii)

26%

24. b15
NH2

O

Br

Br

N
H

Br
O

(b15)

68%

25. b16
NH2

O

OH
Br N

H

O

OH(b16)

51%

26. b17
NH2

O

N
Br

O

N
H

N

(b17)

60%
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27. b18
NH2

O

Br
O

O

N
H

O(b18)

63%

28. b19
NH2

O

Br

O

N
H

(b19)

53%

29. b20
NH2

O

Br

O

N
H

(b20)

55%

30. b21
NH2

O

O

Br

O

N
H

O(b21)

61%

31. b22
NH2

O

Cl N
O

N
H

N

(b22)

28%

32. b23
NH2

O

Br NO2

O

N
H

NO2

(b23)

69%

33. b24i
NH2

O F

Br

O

N
H

F

(b24i)

70%

34. b24ii
NH2

O F

Cl

O

N
H

F

(b24ii)

28%

35. b25
NH2

O

Cl Cl

Cl

Cl

Cl

O

N
H

(b25)

31%
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Fig S18. 1H NMR spectrum of N-(4-nitrophenyl)benzamide (b1i)
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Fig S19. 13C NMR spectrum of N-(4-nitrophenyl)benzamide (b1i)
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Fig S20. GC-Mass spectrum (m/z) of N-(4-nitrophenyl)benzamide (b1i)
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Fig S21. 1H NMR spectrum of N,N'-(1,4-phenylene)dibenzamide (b2i)
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Fig S22. 13C NMR spectrum of N,N'-(1,4-phenylene)dibenzamide (b2i)
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Observed Mass: 316.1663

Fig S23. GC-Mass spectrum (m/z) of N,N'-(1,4-phenylene)dibenzamide (b2i)
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Fig S24. 1H NMR spectrum of N-(4-methoxyphenyl)benzamide (b3i)
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Fig S25. 13C NMR spectrum of N-(4-methoxyphenyl)benzamide (b3i)
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Fig S26. GC-Mass spectrum (m/z) of N-(4-methoxyphenyl)benzamide (b3i)
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Fig S27. 1H NMR spectrum of N-(2,4-dinitrophenyl)benzamide (b4i)
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Fig S28. 13C NMR spectrum of N-(2,4-dinitrophenyl)benzamide (b4i)
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Fig S29. GC-Mass spectrum (m/z) of N-(2,4-dinitrophenyl)benzamide (b4i)
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Fig S30. 1H NMR spectrum of N-phenylbenzamide (b5i)
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Fig S31. 13C NMR spectrum of N-phenylbenzamide (b5i)
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Exact Mass: 197.0841
Observed Mass: 197.4289

Fig S32. GC-Mass spectrum (m/z) of N-phenylbenzamide (b5i)
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H

O

(b6)

Fig S33. 1H NMR spectrum of N-(p-tolyl)benzamide (b6i)
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N
H

O

(b6)

Fig S34. 13C NMR spectrum of N-(p-tolyl)benzamide (b6i)

N
H

O

Exact Mass: 211.0997
Observed Mass: 211.2645

Fig S35. GC-Mass spectrum (m/z) of N-(p-tolyl)benzamide (b6i)
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N
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O

(b7)

Fig S36. 1H NMR spectrum of N-(o-tolyl)benzamide (b7)

N
H

O

(b7)

Fig S37. 13C NMR spectrum of N-(o-tolyl)benzamide (b7)
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N
H

O

Exact Mass: 211.0997
Observed Mass: 211.1141

Fig S38. GC-Mass spectrum (m/z) of N-(o-tolyl)benzamide (b7)
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(b8)

Fig S39. 1H NMR spectrum of N-(pyridin-4-yl)benzamide (b8)
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O

N
H

N

(b8)

Fig S40. 13C NMR spectrum of N-(pyridin-4-yl)benzamide (b8)

O

N
H

N

Exact Mass: 198.0793
Observed Mass: 198.1938

Fig S41. GC-Mass spectrum (m/z) of N-(pyridin-4-yl)benzamide (b8)
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N
H

O

(b9)

Fig S42. 1H NMR spectrum of N-(m-tolyl)benzamide (b9)

N
H

O

(b9)

Fig S43. 13C NMR spectrum of N-(m-tolyl)benzamide (b9)
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N
H

O

Exact Mass: 211.0997
Observed Mass: 211.2772

Fig S44. GC-Mass spectrum (m/z) of N-(m-tolyl)benzamide (b9)
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N

(b10)

Fig S45. 1H NMR spectrum of N-(pyridin-2-yl)benzamide (b10)
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O

N
H

N

(b10)

Fig S46. 13C NMR spectrum of N-(pyridin-2-yl)benzamide (b10)

O

N
H

N

Exact Mass: 198.0793
Observed Mass: 198.1018

Fig S47. GC-Mass spectrum (m/z) of N-(pyridin-2-yl)benzamide (b10)
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N
H

O

O

(b11)

Fig S48. 1H NMR spectrum of N-(3-methoxyphenyl)benzamide (b11)

N
H

O

O

(b11)

Fig S49. 13C NMR spectrum of N-(3-methoxyphenyl)benzamide (b11)
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N
H

O

Exact Mass: 227.0946
Observed Mass: 227.1035

O

Fig S50. GC-Mass spectrum (m/z) of N-(3-methoxyphenyl)benzamide (b11)

O

N
H

O

(b12)

Fig S51. 1H NMR spectrum of N-(4-acetylphenyl)benzamide (b12)
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O

N
H

O

(b12)

Fig S52. 13C NMR spectrum of N-(4-acetylphenyl)benzamide (b12)

O

N
H

O

Exact Mass: 239.0946
Observed Mass: 239.0987

Fig S53. GC-Mass spectrum (m/z) of N-(4-acetylphenyl)benzamide (b12)
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OH

N
H

O

(b13)

Fig S54. 1H NMR spectrum of N-(4-hydroxyphenyl)benzamide (b13)

OH

N
H

O

(b13)

Fig S55. 13C NMR spectrum of N-(4-hydroxyphenyl)benzamide (b13)
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OH

N
H

O

Exact Mass: 213.0790
Observed Mass: 213.2923

Fig S56. GC-Mass spectrum (m/z) of N-(4-hydroxyphenyl)benzamide (b13)

NH

O

(b14)

Fig S57. 1H NMR spectrum of N-(naphthalen-1-yl)benzamide (b14)
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NH

O

(b14)

Fig S58. 13C NMR spectrum of N-(naphthalen-1-yl)benzamide (b14)

NH

O

Exact Mass: 247.0997
Observed Mass: 247.2688

Fig S59. GC-Mass spectrum (m/z) of N-(naphthalen-1-yl)benzamide (b14)
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N
H

Br
O

(b15)

Fig S60. 1H NMR spectrum of N-(4-bromophenyl)benzamide (b15)

N
H

Br
O

(b15)

Fig S61. 13C NMR spectrum of N-(4-bromophenyl)benzamide (b15)
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N
H

Br
O

Exact Mass: 274.9946
Observed Mass: 275.0620

Fig S62. GC-Mass spectrum (m/z) of N-(4-bromophenyl)benzamide (b15)

N
H

O

OH

(b16)

Fig S63. 1H NMR spectrum of N-(2-hydroxyphenyl)benzamide (b16)
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N
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O

OH

(b16)

Fig S64. 13C NMR spectrum of N-(2-hydroxyphenyl)benzamide (b16)

Exact Mass: 213.0790
Observed Mass: 213.1008

N
H

O

OH

Fig S65. GC-Mass spectrum (m/z) of N-(2-hydroxyphenyl)benzamide (b16)
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(b17)

Fig S66. 1H NMR spectrum of N-(pyridin-3-yl)benzamide (b17)

O

N
H

N

(b17)

Fig S67. 13C NMR spectrum of N-(pyridin-3-yl)benzamide (b17)
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O

N
H

N

Exact Mass: 198.0793
Observed Mass: 198.1033

Fig S68. GC-Mass spectrum (m/z) of N-(pyridin-3-yl)benzamide (b17)

O

N
H O

(b18)

Fig S69. 1H NMR spectrum of N-(3-acetylphenyl)benzamide (b18)
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O

N
H O

(b18)

Fig S70. 13C NMR spectrum of N-(3-acetylphenyl)benzamide (b18)

O

N
H

O

Exact Mass: 239.0946
Observed Mass: 239.0987

Fig S71. GC-Mass spectrum (m/z) of N-(3-acetylphenyl)benzamide (b18)
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O

N
H

(b19)

Fig S72. 1H NMR spectrum of N-(2,6-diethylphenyl)benzamide (b19)

O

N
H

(b19)

Fig S73. 13C NMR spectrum of N-(2,6-diethylphenyl)benzamide (b19)
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O

N
H

Exact Mass: 253.1467
Observed Mass: 253.2440

Fig S74. GC-Mass spectrum (m/z) of N-(2,6-diethylphenyl)benzamide (b19)

O

N
H

(b20)

Fig S75. 1H NMR spectrum of N-(2,3-dimethylphenyl)benzamide (b20)
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O

N
H

(b20)

Fig S76. 13C NMR spectrum of N-(2,3-dimethylphenyl)benzamide (b20)

O

N
H

Exact Mass: 225.1154
Observed Mass: 225.1183

Fig S77. GC-Mass spectrum (m/z) of N-(2,3-dimethylphenyl)benzamide (b20)
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O

N
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O
(b21)

Fig S78. 1H NMR spectrum of N-(2-acetylphenyl)benzamide (b21)

O

N
H

O
(b21)

Fig S79. 13C NMR spectrum of N-(2-acetylphenyl)benzamide (b21)
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O

N
H

O
Exact Mass: 239.0946

Observed Mass: 239.2092

Fig S80. GC-Mass spectrum (m/z) of N-(2-acetylphenyl)benzamide (b21)

O
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H

N

(b22)

Fig S81. 1H NMR spectrum of N-(4-methylpyridin-2-yl)benzamide (b22)
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O

N
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N

(b22)

Fig S82. 13C NMR spectrum of N-(4-methylpyridin-2-yl)benzamide (b22)

O

N
H

N

Exact Mass: 212.0950
Observed Mass: 212.1805

Fig S83. GC-Mass spectrum (m/z) of N-(4-methylpyridin-2-yl)benzamide (b22)
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O

N
H

NO2

(b23)

Fig S84. 1H NMR spectrum of N-(3-nitrophenyl)benzamide (b23)

O

N
H

NO2

(b23)

Fig S85. 13C NMR spectrum of N-(3-nitrophenyl)benzamide (b23)
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O

N
H

NO2

Exact Mass: 242.0691
Observed Mass: 242.1273

Fig S86. GC-Mass spectrum (m/z) of N-(3-nitrophenyl)benzamide (b23)

O

N
H

F

(b24)

Fig S87. 1H NMR spectrum of N-(4-fluorophenyl)benzamide (b24i)
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O

N
H

F

(b24)

Fig S88. 13C NMR spectrum of N-(4-fluorophenyl)benzamide (b24i)

O

N
H

F

(b24)

Fig S89. 19F NMR spectrum of N-(4-fluorophenyl)benzamide (b24i)



56

O

N
H

F

Exact Mass: 215.0746
Observed Mass: 215.2380

Fig S90. GC-Mass spectrum (m/z) of N-(4-fluorophenyl)benzamide (b24i)
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N
H

Cl

(b25)

Cl

Fig S91. 1H NMR spectrum of N-(3,5-dichlorophenyl)benzamide (b25)
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Cl

(b25)

Cl

Fig S92. 13C NMR spectrum of N-(3,5-dichlorophenyl)benzamide (b25)

N
H

O

Cl

Exact Mass: 265.0061
Observed Mass: 265.0722

Cl

Fig S93. GC-Mass spectrum (m/z) of N-(3,5-dichlorophenyl)benzamide (b25)
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Fig S94. 1H NMR spectrum of PcCFP Photocatalyst
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Fig S95. 13C NMR spectrum of PcCFP Photocatalyst
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H
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NO2

Exact Mass: 242.0691
Calculated (M+H): 243.0769
Observed (M+H): 243.0772

Fig S96. High Resolution Mass spectrum (m/z) of N-(4-nitrophenyl)benzamide (b1i)

N
H

O
NO2

(b1ii)

Fig S97. 1H NMR spectrum of N-(4-nitrophenyl)benzamide (b1ii)
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(b2ii)

Fig S98. 1H NMR spectrum of N,N'-(1,4-phenylene)dibenzamide (b2ii)

N
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O
O

(b3ii)

Fig S99. 1H NMR spectrum of N-(4-methoxyphenyl)benzamide (b3ii)
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Fig S100. 1H NMR spectrum of N-(2,4-dinitrophenyl)benzamide (b4ii)

N
H

O

(b5ii)

Fig S101. 1H NMR spectrum of N-phenylbenzamide (b5ii)
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(b5iii)

Fig S102. 1H NMR spectrum of N-phenylbenzamide (b5iii)

N
H

O

(b6ii)

Fig S103. 1H NMR spectrum of N-(p-tolyl)benzamide (b6)
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(b13ii)

Fig S104. 1H NMR spectrum of N-(4-hydroxyphenyl)benzamide (b13ii)

NH

O

(b14ii)

Fig S105. 1H NMR spectrum of N-(naphthalen-1-yl)benzamide (b14ii)
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(b24ii)

Fig S106. 1H NMR spectrum of N-(4-fluorophenyl)benzamide (b24ii)
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Table S2. Spectral data of Products

Sr. No CODE Characterization Data Derivative Structure
1. b1i

1H NMR 400 MHz, DMSO-d6: δ 10.80 (s, 1H), 8.28 
(d, J = 8.80 Hz, 2H), 8.08 (d, J = 8.40 Hz, 2H), 7.99 (d, 
J = 8.00 Hz, 2H), 7.65 (t, J = 6.80 Hz, 1H), 7.58 (t, J = 
7.60 Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 166.78, 145.97, 
142.94, 134.71, 132.66, 129, 128.39, 125.28, 120.32. 
GCMS exact m/z+ 242.0691 & observed m/z+ 
242.1669. HRMS calculated (M+H) 243.0691 & 
observed (M+H) 243.0772.

N
H

O
NO2

(b1)

2. b2i
1H NMR 400 MHz, DMSO-d6: δ 10.16 (s, 2H), 7.90 
(d, J = 7.60 Hz, 4H), 7.69 (s, 4H), 7.52 (t, J = 6.80 Hz, 
2H), 7.46 (t, J = 7.60 Hz, 4H).
13C NMR 100 MHz, DMSO-d6: δ 165.79, 135.46, 
135.44, 131.94, 128.84, 128.06, 121.14. GCMS exact 
m/z 316.1212 & observed m/z is 316.1663.

N
H

O

H
N

O

(b2)

3. b3i
1H NMR 400 MHz, DMSO-d6: δ 10.04 (s, 1H), 7.87 
(d, J = 6.80 Hz, 2H), 7.60 (d, J = 8.80 Hz, 2H), 7.51 (t, 
J = 7.20 Hz, 1H), 7.45 (t, J = 6.80 Hz, 2H), 6.86 (d, J = 
9.20 Hz, 2H), 3.68 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 165.58, 156.03, 
135.52, 132.69, 131.83, 128.81, 127.99, 122.46, 
114.21, 55.66. GCMS exact m/z 227.0946 & observed 
m/z is 227.2144.

N
H

O
O

(b3)

4. b4i
1H NMR 400 MHz, DMSO-d6: δ 11.16 (s, 1H), 8.69 
(s, 1H), 8.53 (d, J = 9.20 Hz, 1H), 8.07 (d, J = 8.80 Hz, 
1H), 7.92 (d, J = 7.20 Hz, 2H), 7.63 (t, J = 7.20 Hz, 
1H), 7.54 (t, J = 7.20 Hz, 1H).
13C NMR 100 MHz, DMSO-d6: δ 166.05, 143.29, 
141.34, 137.87, 133.41, 133.36, 129.34, 129.13, 
128.40, 126.03, 121.67. GCMS exact m/z 287.0542 & 
observed m/z is 287.1621.

N
H

O

NO2

NO2

(b4)

5. b5i
1H NMR 400 MHz, DMSO-d6: δ 10.17 (s, 1H), 7.89 
(d, J = 6.80 Hz, 2H), 7.71 (d, J = 7.60 Hz, 2H), 7.53 (t, 
J = 7.20 Hz, 1H), 7.46 (t, J = 6.80 Hz, 2H), 7.29 (t, J = 
8.40 Hz, 2H), 7.03 (t, J = 7.20 Hz, 1H).
13C NMR 100 MHz, DMSO-d6: δ 166.03, 139.63, 
135.46, 132.00, 129.06, 128.85, 128.11, 124.13, 
120.84. GCMS exact m/z 197.0841 & observed m/z is 
197.4289.

N
H

O

(b5)

6. b6i
1H NMR 400 MHz, DMSO-d6: δ 10.09 (s, 1H), 7.87 
(d, J = 7.20 Hz, 2H), 7.59 (d, J = 8.40 Hz, 2H), 7.51 (t, 
J = 7.20 Hz, 1H), 7.45 (t, J = 7.20 Hz, 2H), 7.09 (d, J = 
8.40 Hz, 2H), 2.21(s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 165.80, 137.10, 
135.52, 133.07, 131.90, 129.44, 128.81, 128.05, 
120.87, 20.96. GCMS exact m/z 211.0997 & observed 
m/z is 211.2645.

N
H

O

(b6)

7. b7 1H NMR 400 MHz, DMSO-d6: δ 9.90 (s, 1H), 8.01 (d, 
J = 6.80 Hz, 2H), 7.59 (t, J = 7.20 Hz, 1H), 7.52 (t, J = 
6.80 Hz, 2H), 7.37 (d, J = 7.60 Hz, 1H), 7.27 (d, J = 
7.60 Hz, 1H), 7.22 (t, J = 7.20 Hz, 1H), 7.17 (t, J = 6.80 
Hz, 1H), 2.25 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 165.80, 136.92, 
135.04, 134.23, 131.98, 130.79, 128.88, 128.12, 
127.11, 126.47, 18.40. GCMS exact m/z 211.0997 & 

N
H

O

(b7)
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observed m/z is 211.1141.

8. b8 1H NMR 400 MHz, DMSO-d6: δ 10.11 (s, 1H), 7.93 
(d, J = 6.80 Hz, 2H), 7.66 (d, J = 9.20 Hz, 2H), 7.57 (t, 
J = 7.20 Hz, 1H), 7.51 (t, J = 6.80 Hz, 2H), 6.92 (d, J = 
8.80 Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 165.58, 135.51, 
132.68, 131.84, 12881, 127.99, 122.46, 114.20. GCMS 
exact m/z 198.0793 & observed m/z is 198.1938.

O

N
H

N

(b8)

9. b9 1H NMR 400 MHz, DMSO-d6: δ 10.09 (s, 1H), 7.88 
(d, J = 7.20 Hz, 2H), 7.55 (d, J = 7.60 Hz, 2H), 7.51 (t, 
J = 5.20 Hz, 1H), 7.46 (t, J = 6.80 Hz, 2H), 7.16 (t, J = 
7.60 Hz, 1H), 6.86 (d, J = 7.20 Hz, 1H), 2.24 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 165.95, 139.54, 
138.21, 135.48, 131.97, 128.90, 128.84, 128.08, 
124.83, 121.38, 118.03, 21.69. GCMS exact m/z 
211.0977 & observed m/z is 211.2772.

N
H

O

(b9)

10. b10 1H NMR 400 MHz, DMSO-d6: δ 10.74 (s, 1H), 8.18 
(d, J = 8.40 Hz, 1H), 8.02 (d, J = 7.20 Hz, 1H), 7.75 (d, 
J = 7.20 Hz, 2H), 7.57 (t, J = 6.40 Hz, 1H), 7.51 (t, J = 
7.20 Hz, 2H), 7.43 (t, J = 7.60 Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 166.50, 148.39, 
145.20, 138.59, 134.85, 133.10, 129.45, 128.43, 
122.87, 120.30. GCMS exact m/z 198.0793 & 
observed m/z is 198.1018.

O

N
H

N

(b10)

11. b11 1H NMR 400 MHz, DMSO-d6: δ 10.21 (s, 1H), 7.94 
(d, J = 6.80 Hz, 2H), 7.59 (t, J = 6.40 Hz, 1H), 7.53 (t, 
J = 6.80 Hz, 2H), 7.47 (s, 1H), 7.37 (d, J = 8.00 Hz, 
1H), 7.25 (t, J = 8.40 Hz, 1H), 6.68 (d, J = 8.40 Hz, 
1H), 3.75 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 166.05, 159.89, 
140.83, 135.43, 132.05, 129.85, 128.85, 128.10, 
113.00, 109.62, 106.48, 55.48. GCMS exact m/z 
227.0946 & observed m/z is 227.1035.

N
H

O

O

(b11)

12. b12 1H NMR 400 MHz, DMSO-d6: δ 10.53 (s, 1H), 7.92-
7.95 (m, 6H), 7.61 (t, J = 6.40 Hz, 1H), 7.54 (t, J = 8.00 
Hz, 2H), 2.54 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 197.09, 166.48, 
144.06, 135.05, 132.54, 129.74, 128.92, 128.26, 
119.95, 26.92. GCMS exact m/z 239.0946 & observed 
m/z is 239.0987.

O

N
H

O

(b12)

13. b13i
1H NMR 400 MHz, DMSO-d6: δ 10.00 (s, 1H), 9.23 
(s, 1H), 7.91 (d, J = 7.20 Hz, 2H), 7.54 (d, J = 7.20 Hz, 
2H), 7.52 (t, J = 2.40 Hz, 1H), 7.51 (t, J = 2.80 Hz, 2H), 
6.72 (d, J = 8.80 Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 165.32, 154.16, 
135.63, 131.73, 131.15, 128.78, 127.95, 122.72, 
115.42. GCMS exact m/z 213.0790 & observed m/z is 
213.2923.

OH

N
H

O

(b13)

14. b14i
1H NMR 400 MHz, DMSO-d6: δ 10.40 (s, 1H), 8.09 
(d, J = 7.60 Hz, 2H), 7.96-7.97 (m, 2H), 7.86 (d, J = 
8.00 Hz, 1H), 7.53-7.64 (m, 7H).
13C NMR 100 MHz, DMSO-d6: δ 166.67, 134.95, 
134.33, 134.25, 132.11, 129.71, 128.92, 128.53, 
128.25, 126.75, 126.52, 126.43, 126.01, 124.37, 
123.78. GCMS exact m/z 247.0997 & observed m/z is 
247.2688.

NH

O

(b14)

15. b15 1H NMR 400 MHz, DMSO-d6: δ 10.34 (s, 1H), 7.94 
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(d, J = 8.00 Hz, 2H), 7.76 (d, J = 8.80 Hz, 2H), 7.59 (t, 
J = 6.80 Hz, 1H), 7.51-7.54 (m, 4H).
13C NMR 100 MHz, DMSO-d6: δ 166.14, 139.04, 
135.17, 132.18, 131.89, 128.89, 128.13, 122.72, 
115.81. GCMS exact m/z 274.9946 & observed m/z is 
275.0620.

N
H

Br
O

(b15)

16. b16 1H NMR 400 MHz, DMSO-d6: δ 9.74 (s, 1H), 9.50 (s, 
1H), 7.97 (d, J = 7.60 Hz, 2H), 7.69 (d, J = 7.60 Hz, 
1H), 7.61 (t, J = 6.80 Hz, 1H), 7.54 (t, J = 7.20 Hz, 2H), 
7.05 (t, J = 7.60 Hz, 1H), 6.93 (d, J = 8.00 Hz, 1H), 
6.85 (t, J = 7.60 Hz, 1H).
13C NMR 100 MHz, DMSO-d6: δ 165.93, 149.76, 
134.81, 132.15, 128.99, 127.94, 126.36, 126.16, 
124.52, 119.54, 116.48. GCMS exact m/z 213.0790 & 
observed m/z is 213.1008.

N
H

O

OH(b16)

17. b17 1H NMR 400 MHz, DMSO-d6: δ 10.44 (s, 1H), 8.93 
(s, 1H), 8.31 (d, J = 4.40 Hz, 1H), 8.19 (d, J = 8.40 Hz, 
1H), 7.97 (d, J = 8.00 Hz, 2H), 7.61 (t, J = 6.80 Hz, 
1H), 7.54 (t, J = 8.00 Hz, 2H), 7.40 (t, J = 6.40 Hz, 1H).
13C NMR 100 MHz, DMSO-d6: δ 166.45, 144.91, 
142.34, 136.33, 134.79, 132.37, 128.95, 128.19, 
127.98, 124.06. GCMS exact m/z 198.0793 & 
observed m/z is 198.1033.

O

N
H

N

(b17)

18. b18 1H NMR 400 MHz, DMSO-d6: δ 10.44 (s, 1H), 8.37 
(s, 1H), 8.07 (d, J = 8.00 Hz, 1H), 7.98 (d, J = 7.60 Hz, 
2H), 7.71 (d, J = 7.60 Hz, 1H), 7.61 (t, J = 6.80 Hz, 
1H), 7.54 (t, J = 8.40 Hz, 2H), 7.50 (d, J = 8.00 Hz, 
1H).
13C NMR 100 MHz, DMSO-d6: δ197.88, 165.93, 
139.73, 137.47, 134.79, 131.94, 129.22, 128.62, 
127.85, 125.00, 123.82, 119.89, 26.91. GCMS exact 
m/z 239.0946 & observed m/z is 239.0987.

O

N
H

O(b18)

19. b19 1H NMR 400 MHz, DMSO-d6: δ 9.75 (s, 1H), 8.00 (s, 
1H), 7.60 (t, J = 6.80 Hz, 1H), 7.54 (t, J = 6.80 Hz, 2H), 
7.24 (t, J = 8.40 Hz, 1H), 7.16 (d, J = 7.60 Hz, 2H), 
2.55 (q, J = 8.00 Hz, 4H), 1.12 (t, J = 7.60 Hz, 6H).
13C NMR 100 MHz, DMSO-d6: δ 166.26, 142.20, 
134.91, 134.67, 131.93, 128.96, 127.91, 127.79, 
126.52, 24.94, 14.98. GCMS exact m/z 253.1467 & 
observed m/z 253.2440.

O

N
H

(b19)

20. b20 1H NMR 400 MHz, DMSO-d6: δ 9.92 (s, 1H), 7.99 (d, 
J = 7.20 Hz, 2H), 7.60 (t, J = 7.20 Hz, 1H), 7.53 (t, J = 
6.80 Hz, 2H), 7.08-7.14 (m, 3H), 2.29 (s, 3H), 2.11 (s, 
3H).
13C NMR 100 MHz, DMSO-d6: δ 165.87, 140.60, 
137.44, 136.74, 135.05, 131.92, 128.86, 128.06, 
125.71, 125.20, 20.61, 14.69. GCMS exact m/z 
225.1154 & observed m/z 225.1183.

O

N
H

(b20)

21. b21 1H NMR 400 MHz, DMSO-d6: δ 12.39 (s, 1H), 8.67 
(d, J = 8.00 Hz, 1H), 8.13 (d, J = 8.00 Hz, 1H), 7.98 (d, 
J = 6.80 Hz, 2H), 7.70 (t, J = 7.20 Hz, 1H), 7.66 (t, J = 
4.80 Hz, 1H), 7.62 (t, J = 6.80 Hz, 2H), 7.28 (t, J = 7.20 
Hz, 1H), 2.71 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 204.08, 165.54, 
140.19, 135.28, 135.19, 134.85, 132.74, 129.51, 
127.57, 123.90, 123.64, 120.74, 29.25. GCMS exact 
m/z 239.0946 & observed m/z 239.2092.

O

N
H

O(b21)

22. b22 1H NMR 400 MHz, DMSO-d6: δ 10.69 (s, 1H), 8.24 
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(d, J = 4.80 Hz, 1H), 8.06 (s, 1H), 8.03 (d, J = 7.20 Hz, 
2H), 7.60 (t, J = 7.20 Hz, 1H), 7.51 (t, J = 7.20 Hz, 2H), 
7.02 (d, J = 4.40 Hz, 1H), 2.36 (s, 3H).
13C NMR 100 MHz, DMSO-d6: δ 166.35, 152.69, 
149.25, 148.02, 134.60, 132.35, 128.82, 128.40, 
121.31, 115.60, 21.41. GCMS exact m/z 212.0950 & 
observed m/z 212.1805.

O

N
H

N

(b22)

23. b23 1H NMR 400 MHz, DMSO-d6: δ 10.70 (s, 1H), 8.80 
(s, 1H), 8.18 (d, J = 8.00 Hz, 1H), 7.98 (d, J = 7.20 Hz, 
2H), 7.95 (d, J = 1.60 Hz, 1H), 7.66 (t, J = 3.20 Hz, 
1H), 7.62 (t, J = 7.20 Hz, 1H), 7.56 (t, J = 7.20 Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 166.55, 148.38, 
140.83, 134.68, 132.54, 130.56, 129.01, 128.24, 
126.66, 118.63, 114.81. GCMS exact m/z 242.0691 & 
observed m/z 242.1273.

O

N
H

NO2

(b23)

24. b24i
1H NMR 400 MHz, DMSO-d6: δ 10.32 (s, 1H), 7.96 
(d, J = 7.20 Hz, 2H), 7.79-7.80 (m, 2H), 7.60 (t, J = 
7.20 Hz, 1H), 7.54 (t, J = 6.80 Hz, 2H), 7.20 (t, J = 8.80 
Hz, 2H).
13C NMR 100 MHz, DMSO-d6: δ 165.95, 159.95, 
157.56, 136.00, 135.97, 135.26, 132.07, 128.87, 
128.09, 122.69, 122.62, 115.76, 115.54. 19F NMR 377 
MHz, DMSO-d6: δ – (118.93-118.86, m, 1F). GCMS 
exact m/z 215.0746 & observed m/z 215.2380.

O

N
H

F

(b24)

25. b25 1H NMR 400 MHz, DMSO-d6: δ 7.92 (d, J = 7.60 Hz, 
2H), 7.87 (S, 2H), 7.61 (t, J = 7.20 Hz, 1H), 7.54 (t, J 
= 6.80 Hz, 2H), 7.28 (S, 1H).
13C NMR 100 MHz, DMSO-d6: δ 166.63, 141.89, 
134.46, 132.61, 129.02, 128.17, 123.32, 118.75. 
GCMS exact m/z 265.0061 & observed m/z 265.0722.

Cl

Cl

O

N
H

(b25)

26. b1ii
1H NMR 400 MHz, DMSO-d6: δ 10.74 (s, 1H), 8.20 
(d, J = 8.80 Hz, 2H), 8.00 (d, J = 8.40 Hz, 2H), 7.91 (d, 
J = 8.00 Hz, 2H), 7.57 (t, J = 6.80 Hz, 1H), 7.5 (t, J = 
7.60 Hz, 2H).

N
H

O
NO2

(b1ii)

27. b2ii
1H NMR 400 MHz, DMSO-d6: δ 10.16 (s, 2H), 7.90 
(d, J = 7.60 Hz, 4H), 7.69 (s, 4H), 7.52 (t, J = 6.80 Hz, 
2H), 7.46 (t, J = 7.60 Hz, 4H).

N
H

O

H
N

O

(b2i)

28. b3ii
1H NMR 400 MHz, DMSO-d6: δ 10.11 (s, 1H), 7.93 
(d, J = 6.80 Hz, 2H), 7.66 (d, J = 8.80 Hz, 2H), 7.57 (t, 
J = 7.20 Hz, 1H), 7.5 (t, J = 6.80 Hz, 2H), 6.92 (d, J = 
9.20 Hz, 2H), 3.73 (s, 3H).

N
H

O
O

(b3ii)

29. b4ii
1H NMR 400 MHz, DMSO-d6: δ 11.15 (s, 1H), 8.7 (s, 
1H), 8.52 (d, J = 9.20 Hz, 1H), 8.08 (d, J = 8.80 Hz, 
1H), 7.92 (d, J = 7.20 Hz, 2H), 7.63 (t, J = 7.20 Hz, 
1H), 7.53 (t, J = 7.20 Hz, 1H).

N
H

O

NO2

NO2

(b4ii)

30. b5ii
1H NMR 400 MHz, DMSO-d6: δ 10.21 (s, 1H), 7.92 
(d, J = 6.80 Hz, 2H), 7.74 (d, J = 7.60 Hz, 2H), 7.56 (t, 
J = 7.20 Hz, 1H), 7.49 (t, J = 6.80 Hz, 2H), 7.32 (t, J = 
8.40 Hz, 2H), 7.06 (t, J = 7.20 Hz, 1H).

N
H

O

(b5ii)
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31. b5iii
1H NMR 400 MHz, DMSO-d6: δ 10.18 (s, 1H), 7.89 
(d, J = 6.80 Hz, 2H), 7.71 (d, J = 7.60 Hz, 2H), 7.52 (t, 
J = 7.20 Hz, 1H), 7.46 (t, J = 6.80 Hz, 2H), 7.29 (t, J = 
8.40 Hz, 2H), 7.02 (t, J = 7.20 Hz, 1H).

N
H

O

(b5iii)

32. b6ii
1H NMR 400 MHz, DMSO-d6: δ 10.13 (s, 1H), 7.91 
(d, J = 7.20 Hz, 2H), 7.62 (d, J = 8.40 Hz, 2H), 7.55 (t, 
J = 7.20 Hz, 1H), 7.49 (t, J = 7.20 Hz, 2H), 7.12 (d, J = 
8.40 Hz, 2H), 2.25(s, 3H).

N
H

O

(b6ii)

33. b13ii
1H NMR 400 MHz, DMSO-d6: δ 9.97 (s, 1H), 9.2 (s, 
1H), 7.88 (d, J = 7.20 Hz, 2H), 7.52 (d, J = 7.20 Hz, 
2H), 7.49 (t, J = 2.40 Hz, 1H), 7.46 (t, J = 2.80 Hz, 2H), 
6.69 (d, J = 8.80 Hz, 2H).

OH

N
H

O

(b13ii)

34. b14ii
1H NMR 400 MHz, DMSO-d6: δ 10.42 (s, 1H), 8.09 
(d, J = 7.60 Hz, 2H), 7.96-7.99 (m, 2H), 7.86 (d, J = 
8.00 Hz, 1H), 7.53-7.64 (m, 7H).

NH

O

(b14ii)

35. b24ii
1H NMR 400 MHz, DMSO-d6: δ 10.24 (s, 1H), 7.88 
(d, J = 7.20 Hz, 2H), 7.71-7.74 (m, 2H), 7.53 (t, J = 
7.20 Hz, 1H), 7.47 (t, J = 6.80 Hz, 2H), 7.13 (t, J = 8.80 
Hz, 2H).

O

N
H

F

(b24ii)
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ICP-MS of PcCFP Photocatalyst
A quantity of 1 mg of PC was dissolved in 4 mL of aqua regia within a borosilicate glass beaker until complete 
dissolution was achieved. The resulting transparent solution was subsequently transferred to a 100 mL 
volumetric flask, where double distilled water was added to bring the total volume to 100 mL. This final 
volume corresponds to a 10ppm solution of the photocatalyst. From this 100 mL solution, 0.5 mL was 
extracted using a pipette and added to a 10 mL volumetric flask, which was then filled with double distilled 
water to achieve a total volume of 10 mL. This preparation results in a concentration of 0.5 ppm, equivalent 
to 500 ppb, necessary for the sample preparation.
The ICP-MS analysis was carried out by using 500ppb of solution and the metals are detected in Below 
Detection Limit (BDL)
Table S3. Metal detection in Photocatalyst by ICP-MS

Sample ID Cu 63
(ppb)

Fe 57
(ppb)

Ni 60
(ppb)

Zn 66
(ppb)

Pd 106
(ppb)

Ir 193
(ppb)

Standard 1 2.000 2.000 2.000 2.000 2.000 2.000
Standard 2 9.960 9.270 9.992 9.555 9.999 9.924
Standard 3 49.949 47.653 49.998 49.613 50.056 52.032
Standard 4 100.069 95.294 100.367 99.412 109.008 110.906
Standard 5 215.366 192.887 200.236 199.040

PcCFP 4.947 9.401 0.898 20.488 0.033 0.007


