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S1 Quantum Yield Measurement:

Using quinine sulfate (φ= 0.54 in 0.1M H2SO4) as a standard reference, we determined the quantum 

yield of carbon dots. Using the following formula, the quantum yield was determined.

The carbon dot and reference are denoted by CQD and R, respectively, in the equation above. " ŋ " 

indicates the refractive index of the solvent medium (ethanol has a refractive index of 1.37), "I" 

stands for the integrated fluorescence intensity, and "A" for the absorbance value at the exiting 

wavelength. After calculating every value, the quantum Yield was found to be 40.5%. 

Figure S1. (a) represents the NCQD with different wavelengths, and (b) pH studies of the NCQD 

calibration plot of NCQD with varying concentrations of OCl- ion (0-8µm). 



Figure S2. (a) Time response of NCQD with OCl-, and (b) calibration plot of NCQD with different 

concentrations of OCl- ion (0-8µm). 

Table S1: Comparison Table of different sensors for OCl- detection:

Sensing Probe for 

OCl-

Linear

range ( )𝜇𝑚

Lod (

)𝜇𝑚
Ref.

CA and EDA/N-

doped CQDs
1.0–10.0 0.43

[Spectrochimica Acta 

Part A: Molecular 

and Biomolecular 

Spectroscopy, 279, 

121456]

MoO3 NPs-G-CDs 0.010–200 0.068

[Spectrochimica Acta 

Part A: Molecular 

and Biomolecular 

Spectroscopy, 279, 

121456]

Citric acid, GSH 0.1–0.8 0.016

[Spectrochimica Acta 

Part A: Molecular 

and Biomolecular 

Spectroscopy, 242, 

118721]

Red Pepper-based 

CQD
0.1 -300 0.06 [Analyst, 138(21), 

6551-6557]

ammonium citrate 

and urea
10-150 1.82

[Analytical and 

Bioanalytical 

Chemistry, 414(8), 

2651-2660]

L- Tartaric acid and 

o-

phenylenediamine-

based CQD

1-8 0.04
This 

work

Table S2: Comparison table of catalytic activity of Fe3O4 NPs for imidazole (4) Reaction:

Entry Catalyst Solvent
Temperature 

(°C)

Time 

(min)

Yield 

(%)
Ref.

1 Cr2O3 nanoparticle H2O MW, 200–500 W 6 97 [Scientific 

Reports, 12(1), 19942]



2 [P4-VP]-Fe3O4
Solvent-

free
100 35 91

[Research on Chemical 

Intermediates, 44, 

6995-7011]

3
Cu2O/ 

Fe3O4@guarana
EtOH 70 20 97

[Inorganic Chemistry 

Communications, 125, 

108465]

4 Fe3O4/SiO2/urea EtOH Reflux 50 90
[Catalysis 

Communications, 69, 

29-33]

5 SA–MNPs

Dry 

petroleu

m ether

100, Microwave 35 88 [Journal of Chemical 

Sciences, 125, 835-841]

6 Fe3O4 nanoparticles
Solvent-

free
100 90 94

This 

Work

Table S3: Comparison table of catalytic activity of Fe3O4 NPs for imidazole (8) Reaction:

Ent

ry
Catalyst Solvent

Temperature 

(°C)

Time 

(min)

Yield 

(%)
Ref.

1
Ruthenium (II) 

catalyst
H2O 100 5 66

[89(9), 6016-

6026]

2 Iodine EtOH Reflux 60 80

[Chinese 

Chemical 

Letters, 20(1), 

5-8]

3 TiO2
Solvent-

free
120 45 88

[39(1), 142-

154.]

Fe3O4 nanoparticles Solvent- 110 100 88 This 



free Work

Table S4: Optimization table for substituted imidazole (4) Reaction:

Table S5: Optimization table for substituted imidazole (8) Reaction:



S2: Recyclability of Fe3O4 nanoparticles:

After the reaction was complete, the reaction mixture was allowed to cool to room temperature 

and moved to a centrifuge tube. After centrifuging for 10 minutes at 4000 RPM, the Fe3O4 NPs that 

had settled to the bottom of the reaction mixture were cleaned several times with water, ethanol, and 

acetone. They were then ground into a fine powder and allowed to dry in an oven. After that, the 

reactions were conducted using the catalyst once more till 4 cycles. 

Figure S3: Recyclability study of the Fe3O4 NPs 



S3: H1 and C13 NMR analysis result of substituted Imidazole (4) Reaction:

1. 4,5-diphenyl-2-(p-tolyl)-1H-imidazole (4a): Off -White Powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 12.59 (s, 1H), 7.90 (d, J= Hz, 2H), 7.52 (m, 6H), 7.30 (t, 8 Hz, 6H), 2.36 (s, 3H). 𝛿

C13 NMR (100 MHz, CDCl3)  21.39, 125.21, 126.48, 126.56, 127.37, 127.82, 128.17, 128.59, 𝛿

129.59, 138.85, 146.21. 

2. 4-(4,5-diphenyl-1H-imidazol-2-yl) benzonitrile (4f): white Powder.H1 NMR (400 MHZ, 

DMSO),  (PPM) = 13.01 (s, 1H), 8.26 (d, J=8Hz, 2H), 7.96 (d, 8.4Hz, 2H), 7.56 (m, 4H), 7.49 (t, 𝛿

J=7.4Hz, 2H), 7.43(t, J= 8Hz, 1H), 7.34( t, J= 7.2Hz, 2H), 7.27 (t, J= 7.2Hz, 1H).C13 NMR (100 

MHz, CDCl3)  117.8, 118.69, 125.41, 127.84, 128.78, 132.76, 133.78.𝛿

3. 4,5-diphenyl-2-(o-tolyl)-1H-imidazole (4b): White powder. H1 NMR (400 MHZ, DMSO),  𝛿

(PPM) = 12.46 (s, 1H), 7.72 (t, J= 8.4 Hz, 1H), 7.56 (d, J= 7.2 Hz, 2H), 7.52 (d, J = 7.2 Hz, 2H), 7.45 

(t, J= 7.2 Hz, 2H), 7.38 (m, 6H), 7.23 (t, J= 7.2 Hz, 1H),2.64 (s, 3H). C13 NMR (100 MHz, CDCl3)  𝛿

21.19, 126.06, 127.76, 128.65, 128.87, 129.74, 131.35, 136.43, 146.31.

4. 2-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole (4c): White Powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 12.50 (s, 1H), 8.03 (d, J= 8.4Hz, 2H), 7.53 (d, J=8 Hz, 4H), 7.37 (s, 6H), 7.96 (d, 𝛿

J= 8.8 Hz, 2H), 3.82 (s, 3H). C13 NMR (100 MHz, CDCl3)   55.39, 114.32, 122.73, 126.75, 127.37, 𝛿

127.78, 128.61, 146.07, 160.21. 

5. 2-(2-methoxyphenyl)-4,5-diphenyl-1H-imidazole(4d): white Powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 11.89 (s, 1H), 8.05 (m, 1H), 7.53 (m, 8H), 7.31 (t, J= 7.2 Hz, 2H), 7.23 (d, J= 𝛿

8Hz, 1H), 7.18 (d, J= 8Hz, 1H), 7.09 (t, J= 7.2 Hz, 1H), 3.92 (s, 3H). C13 NMR (100 MHz, CDCl3)  𝛿

55.91, 111.21, 118.18, 121.71, 127.81, 128.66, 129.53, 144.65, 155.74.

6. 2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole (4e): Yellow Powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 13.16 (s, 1H), 8.37 (m, 4H), 7.57 (m, 4H), 7.49 (t, J= 8 Hz, 2H), 7.43 (d, J= 6.8 𝛿

Hz, 1H), 7.35 (t, J= 7.2 Hz, 2H1), 7.28 (t, J= 8Hz, 1H). C13 NMR (100 MHz, CDCl3)  124.41, 𝛿

125.51, 127.88, 128.01, 128.77, 135.52, 143.47, 147.41.

7. 4-(4,5-diphenyl-1H-imidazol-2-yl) benzonitrile (4f), white powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 13.01 (s, 1H), 8.26 (d, j= 8 Hz,2H), 7.96 (d, J= 8.4 Hz, 2H), 7.56 (m, 4H), 7.49 𝛿

(t, J= 7.2 Hz), 7.43 (d, J= 7.2 Hz, 1H), 7.34 (t, J= 8Hz, 2H), 7.27 (t, J= 7.2 Hz, 1H).  C13 NMR (100 

MHz, CDCl3)  𝛿

8. 1-(4,5-diphenyl-1H-imidazol-2-yl) naphthalen-2-ol (4g): Yellow Powder. H1 NMR (400 

MHZ, DMSO), δ (PPM)= 12.5-11.5 (2H), 8.19 (d, J= 8Hz, 1H), 7.91 (t, J= 8.8Hz, 2H), 7.57 (d, J= 



7.2Hz, 4H), 7.51 (t, J= 7.6 Hz, 1H), 7.41 (m, 5H), 7.34 (m, 3H). C13 NMR (100 MHz, CDCl3)  𝛿

115.87, 116.09, 126.24, 127.21, 127.55, 127.80, 128.65, 145.18, 161.89.

9. 2-(4-fluorophenyl)-4,5-diphenyl-1H-imidazole (4h), Brown solid. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 12.69 (s, 1H), 8.14 (m, 2H), 7.55 (d, J= 7.2 Hz, 2H), 7.51 (t, J=8Hz, 2H), 7.47 (t, 𝛿

J= 7.2Hz, 2H), 7.40 (d, J= 7.2Hz, 1H), 7.35 (m, 4H), 7.24 (t, J= 7.6Hz, 1H). 2-(5-methylfuran-2-yl)-

4,5-diphenyl-1H-imidazole (4i): brown powder. H1 NMR (400 MHZ, DMSO),  (PPM) = 12.68 (s, 𝛿

1H), 7.52 (t, J=7.8 Hz, 2H), 7.48 (d, J=6.8Hz, 2H), 7.44 (t, J= 7.2 Hz, 2H), 7.37 (t, J= 4.8 Hz, 1H), 

7.31 (t, J= 7.2Hz, 2H), 7.23 (t, J= 7.2Hz, 1H), 6.86 (d, J= 4Hz, 1H), 6.25 (t, J= 4Hz, 1H), 2.38 (s,3H). 

10. 2-(4,5-diphenyl-1H-imidazol-2-yl)-6-methoxy phenol (4j): white powder. H1 NMR (400 

MHZ, DMSO),  (PPM) = 13.05 (s, 1H), 13.01 (s, 1H), 7.65 (t, J= 4 Hz, 1 H), 7.54 (m, 5H), 7.47 (t, 𝛿

J= 6.8 Hz, 2H), 7.37 (t, J= 7.6 Hz, 2H), 7.29 (t, J= 7.2 Hz, 1H), 7.00 (d, J= 8Hz, 1H), 6.90 (t, j= 8Hz, 

1H), 3,82 (s, 3H). C13 NMR (100 MHz, CDCl3)  56.15, 112.07, 112.95, 115.59, 118.84, 127.72, 𝛿

128.74, 145.54, 147.02, 148.89. 

11. 2-(3-phenoxyphenyl)-4,5-diphenyl-1H-imidazole (4k): white powder. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 12.74 (s, 1H), 7.90 (d, J= 8Hz 1H), 7.78 (t, J= 4Hz, 1H), 7.75 (m, 4H), 7.45 (m, 𝛿

5H), 7.31 (t, J= 7.2 Hz, 2H), 7.24 (t, J= 7.2 Hz, 1H), 7.18 (t, J= 7.6 Hz, 1H), 7.08 (d, J= 7.6 Hz, 2H), 

7.04 (m, 1H), C13 NMR (100 MHz, CDCl3)  115.64, 118.96, 119.32, 120.24, 123.48, 127.82, 𝛿

128.74, 129. 87, 130,38, 131.38, 131.69, 157.08, 157.80. 

S4: H1 NMR analysis result of imidazole (8):

1. 2-(3-methoxyphenyl)-1H-phenanthro[9,10-d] imidazole (8a): yellow solid. H1 NMR (400 

MHZ, DMSO),  (PPM) = 13.42 (s, 1H), 8.89 (m, 2H), 8.61 (m, 2H), 7.92 (t, J= 8Hz, 2H), 7.78 (m, 𝛿

2H), 7.67 (m, 2H), 7.54 (t, J=8HZ, 1H), 7.09 (m, 1H), 3.93 (s, 3H).  C13 NMR (100 MHz, CDCl3)                                                                                     𝛿

2. 2-(4-ethoxy phenyl)-1H-phenanthro[9,10-d] imidazole (8b): light brown powder. H1 NMR 

(400 MHZ, DMSO),  (PPM) = 13.29 (s, 1H), 8.86 (d, J=8Hz, 2H), 8.56 (s, 2H), 8.25 (d, J= 8,8Hz, 𝛿

2H), 7.75 (t, J= 6.8Hz, 2H), 7.64 (m, 2H), 7.16(d, J= 8.8Hz, 2H), 4.16 (m, 2H), 1.40 (t, J= 6.8Hz, 

3H).  C13 NMR (100 MHz, CDCl3)   𝛿

3. 2-(3-fluorophenyl)-1H-phenanthro[9,10-d] imidazole (8c): yellow solid. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 13.54 (s, 1H), 8.89 (m, 2H), 8.61 (d, J= 7.8Hz, 1H), 8.55 (d, J= 8Hz, 1H), 8.19 𝛿

(d, J= 8Hz, 1H), 8.12 (t, J=8.4Hz, 1H), 7.79 (m, 2H), 7.68 (m, 3H), 7.36 (m, 3H). C13 NMR (100 

MHz, CDCl3)   𝛿



4. 2-(2-ethoxy phenyl)-1H-phenanthro[9,10-d] imidazole (8d): H1 NMR (400 MHZ, CDCl3), δ 

(PPM) = 11.40 (s,1H), 8.80 (m, 4H), 7.87 (d, J= 8Hz 1H), 7.73 (t, J= 6.8 Hz, 1H), 7.63 (t, J= 7.2, 

3H), 7.38 (m, 1H), 7.19 (t, J= 7.6 Hz, 1H), 7.04 (d, J= 8Hz, 1H), 4.35 (m, 2H), 1.76 (t, J= 7.2 Hz, 

3H). 

5. 2-(4-chlorophenyl)-1H-phenanthro[9,10-d] imidazole (8e): white solid. H1 NMR (400 MHZ, 

DMSO),  (PPM) = 13.54 (s, 1H), 8.86 (s, 2H), 8.56 (s, 2H), 8.34 (d, J= 8.8 Hz), 7.75 (m, 6H). C13 𝛿

NMR (100 MHz, CDCl3)  𝛿

6. 2-(naphthalen-1-yl)-1H-phenanthro[9,10-d] imidazole (8f): Yellow Powder. H1 NMR (400 

MHZ, DMSO),  (PPM) = 13.66 (s, 1H), 9.20 (d, J= 8.4Hz, 1H), 8.90 (d, J= 6.8Hz, 2H), 8.65 (s, 𝛿

1H), 8.59 (s, 1H), 8.15 (t, J=7.6 Hz, 2H), 8.09 (d, J= 8Hz, 1H), 7.78 (m, 3H), 7.70 (m, 4H).  C13 

NMR (100 MHz, CDCl3)  𝛿

S5: 1H NMR spectra (400 MHz) of the products:
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