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Fig. S1 (a) and (b) SEM images of the synthesized carbon nanostructures showing agglomerated polyhedral morphology 
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Fig. S2. A plot of the Stokes shift exhibited by fNDC for different excitation wavelengths portraying a nonlinear trend  

 

 

Fig. S3 Tauc plot of the synthesized fNDC exhibiting an optical bandgap of 5.41 eV. 
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Measurement of fluorescence quantum yield  

 The quantum yield of fNDC was determined using a standard procedure and quinine sulphate as the 

standard reference material (Sk and Chattopadhyay, 2014). Absolute values were determined using the 

following equation:  

𝑄𝑆 =  𝑄𝑅 ×  
𝑚𝑆

𝑚𝑅
 × (

ŋ𝑆

ŋ𝑅
)

2

 

where ‘𝑄𝑆’ and ‘𝑄𝑅’ represent the quantum yield of fNDC and the reference, quinine sulphate. ‘𝑚𝑆’ and 

‘𝑚𝑅’  represent the slope of the integrated fluorescence intensity of fNDC and quinine sulphate, plotted vs. 

absorbance. ‘ŋ𝑆’ and ‘ŋ𝑅’represent the refractive index of the solvents DMF (ŋ𝑆 = 1.43)  and water (ŋ𝑅 =

1.33). The absorbance of both the reference and the sample was maintained below 0.1 to minimize re-

absorption effects. The fluorescence intensity was measured at an excitation wavelength of 360 nm. The 

values of 𝑚𝑆 and 𝑚𝑅 were calculated to be 0.69 ×106 and 1.19 ×106, respectively. The quantum yield of 

fNDC was estimated to be 34.03%.  

  



S5 
 

 

 

 

Fig. S4 Plots of integrated fluorescence intensity against absorbance values of (a) Quinine sulphate and (b) fNDC. Red line 

indicates the data fit. 
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Fig. S5 Fluorescence decay curve of fNDC at 450 nm measured by TCSPC, excited at 340 nm. The black line shows the 

decay curve, and the red line shows the fitted curve. 

 

 

Table S1 Fluorescence lifetime measurement of fNDC performed by TCSPC 

Sample Ʈ1 

(ns) 

Ʈ2 

(ns) 

Ʈ3 

(ns) 

B1 

(%) 

B2 

(%) 

B3 

(%) 

Ʈ 

(ns) 

fNDC 5.75 0.94 15.58 46.12 17.84 36.04 8.43 
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Fig. S6 Photostability of the synthesized fNDC for irradiation up to 6 h 

 

 

 

Fig. S7 XRD pattern of the synthesized nanostructure exhibiting the presence of nanodiamond-like carbon phase 
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Table S2 CHNS elemental analysis of fNDC 

C (wt%) H (wt%) N (wt%) S (wt%) O (wt%) (calculated) 

65.86 4.57 0.23 ND 29.34 

 

 

 

Fig. S8 Survey XPS spectrum of fNDC exhibiting C1s and O1s peaks 

 

 

 



S9 
 

 

Fig. S9 UV-Visible absorption spectrum of atropine sulphate (AS) 

 

Determination of HOMO and LUMO energy states 

 The HOMO and LUMO energy levels of fNDC and AS were measured with cyclic voltammetry 

and UV-Visible spectroscopy. From the CV data, the oxidation potentials (Eonset
ox ) of fNDC and AS were 

determined to be 1.93 V and 2.16 V (Yen et al., 2019). Their HOMO levels were calculated using the 

equation: 

EHOMO = −(4.8 − Eox,Fc/Fc+ +  Eonset
ox ) eV 

where Eox,Fc/Fc+ is the oxidation potential of ferrocene/ferrocene+ and Eonset
ox  is the onset oxidation potential 

of the material being tested. Besides, the LUMO energy levels were calculated using the equation: 

ELOMO = (𝐸𝐻𝑂𝑀𝑂 +  𝐸𝑔
𝑜𝑝𝑡

) eV 

where 𝐸𝑔
𝑜𝑝𝑡

 refers to the optical band gap. The HOMO and LUMO energy levels and the optical band gap 

values are summarized in Table S3.   

 

 

Table S3 HOMO and LUMO energy levels and electrochemical energy gap of fNDC and AS calculated from CV 

Sample HOMO (eV) Energy gap (Optical) (eV) LUMO (eV) 

fNDC 

AS 

-6.63 

-6.86 

5.41 

4.12 

-1.22 

-2.74 
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Fig. S10  Cyclic voltammograms of (a) fNDC and (b) AS recorded at a scan rate of 0.5 V/s at ambient condition. 
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Fig. S11 Fluorescence emission intensity of fNDC with and without atropine sulphate (AS) at different pH conditions 
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Fig. S12. Determination of atropine sulphate levels in (a) human blood serum and (b) human urine (c) Atropine sulphate 

injection, and (d) Atropine eye drop 

 

Table S4 A comparison of different sensors for the detection of atropine sulphate  

Sensor Method Linear Range LOD Reference 

MIP-GQDs Fluorimetry 0.5 – 300 ng/mL 0.22 ng/mL (Khataee et al., 

2018) 

ds-DNA/PDDA–TiO2NPs–

MWCNTs/PG electrode 

Electrochemical 0.6-30 & 30-600 

µmol/L  

0.03 & 0.10 

µmol/L 

(Ensafi et al., 

2015) 

CNTs-Chitosan Electrochemical 0.1 – 150 µM 16.5 nM (Mane et al., 

2018) 

Water - acetonitrile -

trifluoracetic acid elution 

HPCL 50 – 200 µg/mL 3.75 µg/mL (Koetz et al., 

2017) 

DMTD-Ag/CPE Electrochemical 0.6 – 9 µM 46 nM (Tiwari et al., 

2016) 

Mn doped ZnS QDs Phosphorescence 0 – 9.1 µM 90 nM (Wu and Fan, 

2012) 

[Ru(bpy)3]2+/Nafion Chemiluminescence 0.75 – 100 µM 750 nM (Brown et al., 

2019) 

fNDC Fluorescence 300 nM - 1 μM, and 

1 μM -10 μM 

34.42 nM, 

and 

356.46 nM 

This Work 
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