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1. Results and discussion

1.1.   Spectrum of the Philips LED

The below provide spectrum shows the emission in the range of 400-800 nm. 

Fig. S1. Normalized spectrum of LED lamps found in street lightings. PC Amber from Philips 

with CCT of 1765 K (orange solid). Warm from Ignialight with CCT of 2159 K (black dashed). 

LED from Madrid street lights with CCT of 3107 K (green dash-dot). BLED at Faculty of 

Pharmacy from Universidad Complutense with CCT of 6801 K (blue dots) [1, 2]. Reproduced 

with permission from ref. [1] Copyright © 2021 Elsevier B.V.

https://docs.google.com/document/d/1qbKGUWuV6GbCDJUENU_wuCDobHk-eTvU/edit#heading=h.17dp8vu
https://docs.google.com/document/d/1qbKGUWuV6GbCDJUENU_wuCDobHk-eTvU/edit#heading=h.17dp8vu
https://docs.google.com/document/d/1qbKGUWuV6GbCDJUENU_wuCDobHk-eTvU/edit#heading=h.17dp8vu
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1.2. SEM Analysis

a) b)

Figure S2. SEM images of a) MoO3 rods and b) FSZM photocatalyst

1.3.  XRD Analysis
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Figure S3. Powder XRD patterns of a) F, b) FSZ, c) FSZM and d) MoO3 rods.

1.4.  FTIR Analysis
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Figure S4. FTIR spectra of a) F, b) FSZ, c) FSZM and d) MoO3 rods.

1.5. TGA Analysis

Figure S5. TGA curve of FSZM photocatalyst
 

1.6. VSM Analysis
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Figure S6. VSM analysis of a) F, b) FS, c) FSZ and d) FSZM photocatalyst

1.7. ED-XRF and EDX Analysis

a)

b)
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Figure S7. a)  EDS and b) ED-XRF spectra of FSZM

2. Tables

Table S1a. Comparison of the catalytic activities of C-H arylation of thiophene with arenes 

with the earlier reported photocatalysts.

Table S1b. Comparison of the degradation efficiency of earlier reported heterogeneous photocatalysts 

towards Rhodamine B dye

Entry Catalyst Light Source Time Temp Reusability Yield Ref

1. Bi2O3 (5 mol%) 23 W 15 h RT - 47% [1]

2. g-C3N4/rGO Daylight lamp 1.5 h RT 5 74% [2]

3. Fe3O4@Cu2xS-MoS2 Xenon lamp, 

300 W

1 h RT 6 77% [3]

4. Black Phosphorous 

(0.25 mmol)

150 W metal 

halide lamp

2 h 25 oC 5 75% [4]

5. CNPVPy20 White LED 

lamp, 30 W

1 h RT 8 83% [5]

6. PAF-BT(EDOT)2 

(2mg)

23 W energy 

saving bulb

24 h RT 5 93% [6]

7. (AcrH2) (10 mol%) 3 W blue LED 12 h RT - 73% [7]

8. Iodo-bodipys 35 W Xenon 

lamp

1 h 20 oC - 72% [8]

9. Cercosporin (1 

mol%)

Sunlight 16 h RT - 69% [9]

10. This work (2×12) W 

Philips LED 

bulbs

7 h RT 5 87%
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S.No Catalyst Oxidants Dye 

Concentrat

ion

Light source Time pH Degradation 

percentage

Reus

abilit

y

Ref

1. PES/CCTO - 5 mg/L 360 W UV 

lamp

40 

min

- 74.66 % - [10]

2. TiO2/ZrO2 - 10 mg/L 120 W UV 

light

270 

min

7-11 90.5 % 6 [11]

3. BixSb2-xS3 - 10 mg/L 60 W CFL 30 

min

- 98 % 5 [12]

4. Fe-TiO2/rGO 8 mM H2O2 20 mg/L 150 W Xe 

lamp

120 

min

6 91 % 5 [13]

5. ZnO - 10 mg/L 400 W UV 

lamp

70 

min

- 97.7 % - [14]

6. CdS/AgBr-rGO - 5×10-5 M  500 W Xe 

lamp

60 

min

- 95.8 % 4 [15]

7. Ti-MCM-41 - 1×10-4 M 1000 W Xe 

arc lamp

600 

min

- 87 % - [16]

9. Bi2S3/3DOM-TiO2 - 10 mg/L 250 W Xe 

lamp

360 

min

- 96 % 4 [17]

10. BW/N-B - 10 mg/L 500 W Xe 

lamp

45 

min

- 99.1 % 4 [18]

11. ZnO - 10 mg/L 330 W UV 

light

160 

min

- 95.41 % - [19]
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3.  1H AND 13C NMR data of the corresponding products

Br
S

2-(4-bromophenyl) thiophene (3a). The compound was synthesized by adopting General 

procedure 2.3.1. and purified by column chromatography (100% Petroleum ether). White 

Solid, Melting Point: 82.4-83.9 °C, 1H-NMR (400 MHz, CDCl3) δ 7.51 (dd, J = 12.5, 8.8 Hz, 

4H), 7.33 (d, J = 4.3 Hz, 2H), 7.11 (t, J = 4.4 Hz, 1H); 13C-NMR (101 MHz, CDCl3) δ 143.1, 

133.3, 131.9, 128.1, 127.4, 125.2, 123.5, 121.2.

12. SnO2/ Bi2S3-Bi25 - 10 mg/L 300 W 

sunlight 

simulated 

lamp

180 

min

- 80.0 % 4 [20]

13. FeWO4/CNN - 10 mg/L Natural 

sunlight

90 

min

- 86.2 % 4 [21]

14. Au-ZnO - 10 mg/L UV light 180 

min

6 95 % - [22]

15. TiO2/g-C3N4 - 10 mg/L 500 W xenon 

lamp

20 

min

- 88% 4 [23]

16. ZnO/MoO3 - 1×10-5 M 46 W visible 

light LEDs

90 

min

- 96.9 % 5 Present work
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Cl
S

2-(4-chlorophenyl) thiophene (3b). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). White Solid, 

Melting Point: 80.0-81.6 °C, 1H-NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.5 Hz, 2H), 7.37 (d, 

J = 8.5 Hz, 2H), 7.32 (d, J = 5.0 Hz, 2H), 7.11 (t, J = 4.3 Hz, 1H); 13C-NMR (101 MHz, CDCl3) 

δ 143.0, 133.2, 132.9, 129.0, 128.1, 127.1, 125.2, 123.4.

O2N
S

2-(4-nitrophenyl) thiophene (3c). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). White Solid, 

Melting Point: 135.2-137.9 °C, 1H-NMR (400 MHz, CDCl3) δ 8.29-8.24 (m, 2H), 7.76 (d, J = 

8.8 Hz, 2H), 7.50-7.47 (m, 2H), 7.17 (t, J = 4.3 Hz, 1H); 13C-NMR (101 MHz, CDCl3) δ 146.5, 

141.5, 140.5, 128.7, 127.7, 126.0, 125.7, 124.4.

S

2-phenyl thiophene (3d). The compound was synthesized by adopting General procedure A 

and purified by column chromatography (100% Petroleum ether). Colourless oil, 1H-NMR 

(400 MHz, CDCl3) δ 7.64 (d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.6 Hz, 2H), 7.34-7.30 (m, 3H), 7.11 

(d, J = 8.5 Hz, 1H); 13C-NMR (101 MHz, CDCl3) δ 144.4, 134.4, 128.8, 127.9, 127.4, 125.9, 

124.7, 123.0.

H3CO
S
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2-(4-methoxyphenyl) thiophene (3e). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). White Solid, 

Melting Point: 106.0-108.0 °C, 1H-NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.8 Hz, 2H), 7.23 

(d, J = 9.5 Hz, 2H), 7.09-7.07 (m, 1H), 6.94 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H); 13C-NMR (101 

MHz, CDCl3) δ 159.1, 144.3, 127.9, 127.2, 123.8, 122.0, 114.2, 55.3.

H3C
S

2-(4-methylphenyl) thiophene (3f). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). Yellow oil, 1H-

NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.3 Hz, 2H), 7.31-7.27 (m, 2H), 7.22 (d, J = 7.8 Hz, 

2H), 7.10 (dd, J = 5.0, 3.5 Hz, 1H), 2.40 (s, 3H); 13C-NMR (101 MHz, CDCl3) δ 144.6, 137.3, 

129.5, 127.9, 125.9, 124.3, 122.6, 21.2.

Cl
O

2-(4-chlorophenyl) furan (3g). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). Colourless 

Solid, Melting Point: 66-68.2 °C, 1H-NMR (400 MHz, CDCl3) δ 7.59 (dd, J = 6.7, 2.0 Hz, 2H), 

7.46 (s, 1H), 7.34 (dd, J = 6.7, 2.1 Hz, 2H), 6.63 (d, J = 3.3 Hz, 1H), 6.47 (q, J = 1.7 Hz, 1H); 
13C-NMR (101 MHz, CDCl3) δ 153.0, 142.4, 133.0, 129.4, 128.9, 125.1, 111.8, 105.5.

H3CO
O

2-(4-methoxyphenyl) furan (3h). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). White Solid, 

Melting Point: 48.7-50.0 °C, 1H-NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.9 Hz, 2H), 7.42 (s, 

1H), 6.91 (d, J = 8.9 Hz, 2H), 6.51 (s, 1H), 6.43 (s, 1H), 3.82 (s, 3H); 13C-NMR (101 MHz, 

CDCl3) δ 159.0, 154.1, 141.4, 125.3, 123.9, 114.1, 111.6, 103.4, 55.4.

Br
O

2-(4-bromophenyl) furan (3i). The compound was synthesized by adopting General 

procedure A and purified by column chromatography (100% Petroleum ether). Colourless 
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Solid, Melting Point: 73.0-74.8 °C, 1H-NMR (400 MHz, CDCl3) δ 7.53-7.46 (m, 5H), 6.64 (s, 

1H), 6.47 (s, 1H); 13C-NMR (101 MHz, CDCl3) δ 153.0, 142.4, 131.8, 129.8, 125.3, 121.1, 

111.9, 105.6.

4.  1H AND 13C NMR spectra of the corresponding products

Figure S8. 1H-NMR (400 MHz, CDCl3) of 2-(4-bromophenyl) thiophene (3a).

Figure S9. 13C-NMR (101 MHz, CDCl3) of 2-(4-bromophenyl) thiophene (3a).
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Figure S10. 1H-NMR (400 MHz, CDCl3) of 2-(4-chlorophenyl) thiophene (3b).

Figure S11. 13C-NMR (101 MHz, CDCl3) of 2-(4-chlorophenyl) thiophene (3b).
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Figure S12. 1H-NMR (400 MHz, CDCl3) of 2-(4-nitrophenyl) thiophene (3c).

Figure S13. 13C-NMR (101 MHz, CDCl3) of 2-(4-nitrophenyl) thiophene (3c).
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Figure S14. 1H-NMR (400 MHz, CDCl3) of 2-phenyl thiophene (3d).

Figure S15. 13C-NMR (101 MHz, CDCl3) of 2-phenyl thiophene (3d).
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Figure S16. 1H-NMR (400 MHz, CDCl3) of 2-(4-methoxyphenyl) thiophene (3e).

Figure S17. 13C-NMR (101 MHz, CDCl3) of 2-(4-methoxyphenyl) thiophene (3e).
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Figure S18. 1H-NMR (400 MHz, CDCl3) of 2-(4-methylphenyl) thiophene (3f).

Figure S19. 13C-NMR (101 MHz, CDCl3) of 2-(4-methylphenyl) thiophene (3f).
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Figure S20. 1H-NMR (400 MHz, CDCl3) of 2-(4-chlorophenyl) furan (3g).

Figure S21. 13C-NMR (101 MHz, CDCl3) of 2-(4-chlorophenyl) furan (3g).
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Figure S22. 1H NMR (400 MHz, CDCl3) of 2-(4-bromophenyl) furan (3h)

Figure S23. 13C-NMR (400 MHz, CDCl3) of 2-(4-bromophenyl) furan (3h)



S19

Figure S24. 1H-NMR (400 MHz, CDCl3) of 2-(4-methoxyphenyl) furan (3i).

Figure S25. 13C-NMR (101 MHz, CDCl3) of 2-(4-methoxyphenyl) furan (3i).
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5. GCMS Spectra

Figure S26. Mass spectra of dantrolene precursor (5-(4-Nitrophenyl)-2-furancarboxaldehyde)

Figure S27. Mass spectra of TEMPO trapped intermediate complex
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Figure S28. GC-MS spectra of Rhodamine B dye degradation

6. Photoreactor setup
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