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Instrument used for the characterization of CNPs:

Particle distribution and the morphology of synthesized CNPs were shown by transmission electron 

microscope (TEM) in a TECNAI G2 20S-TWIN (Japan) machine with an acceleration voltage of 200 kV. 

Alcoholic solution of CNPs was prepared for TEM measurement, where the sample was well distributed 

and drop casted into a 300-mesh carbon-coated copper cast and the solvent were evaporated for overnight 

at room temperature. XRD analysis of water soluble CNPs was carried out using an X-ray Diffractometer 

(Bruker, ModelD8 powder XRD) with Cu-Kαradiation over the 2θ range of 12 to 70˚. FT-IR spectrum was 

carried out within 4000–400 cm−1 range in a Perkin-Elmer Spectrum RX-II (Model no. 73713, USA) 

instrument to confirm the presence of different functional groups of CNPs. The UV-Vis spectra and 

fluorescence emission spectra were taken by using a UV-vis spectrophotometer (SHIMADZU UV-2450, 

Japan) and fluorescence emission spectra were recorded in a Fluorescence spectrophotometer (HITACHI 

F-7000, Japan). Aggregation of the as CNPs was identified by using circular dichroism spectrometer on a 

JASCO-810 automatic recording spectrophotometer under a constant nitrogen flow at 25 °C. The CD 

spectra were acquired in a strain free quartz cuvette of 0.1 cm path length, in the wavelength range of 200 

to 750 nm at a scan rate of 50 nm per min. Circularly polarized luminescence (CPL) experiments were 

carried out on a Jasco CPL-300 spectrophotometer having digital integration time (D.I.T) fixed at 4.0 

seconds with multiple spectral accumulations. The X-ray photoelectron spectrum (XPS) of CNPs was 

recorded in a PHI 5000 Versa probe-II scanning microprobe (United States) outfitted with an Al-Kα X-ray 

monochromator (1486.7 eV). The binding energy scale of the spectrum has been calibrated by standard 

value of C 1s at 284.6 eV. 2.5. 

Fig S1: FTIR spectrum of CNPs 



Fig S2: Deconvulated XPS spectra of A) C1s B) O1s CNPs

Fig S3: HRMS of CNPs showing one predominant molecular mass at m/z = 467



Fig S4: A) 1H-NMR of CNPs B) 13C -NMR of CNPs C) 13C -DEPT-NMR of CNPs

Computational Details: 

The molecular structure was designed using GAUSSIAN VIEW 6.0, and all computational studies were 

performed with the GAUSSIAN 09W program, the calculations were carried out using the density 

functional theory (DFT) method implemented in the series of programs within the computational package. 

For this computational study, we employed the B3LYP DFT functionals. The geometry optimization of the 

ground state was calculated step wise using the basis sets, 6–31 ++ G(d,p). The energy calculation of the 

first six vertical excited states was carried out using TD-DFT/IEFPCM 1model, with basis sets 6–31 ++ 

G(d,p), in a water solvent, we calculated the absorption spectra, circular dichroism spectra, and fluorescence 

spectra as well. 



Fig S5: Optimized structure of the molecular fluorophore (F-467) obtained after DFT calculation

Fig S6: A) UV-Vis spectrum B) Circular dichroism spectrum C) Fluorescence of predicted molecular 
fluorophore (F-467) spectrum obtained after DFT and TD-DFT studies 

Quantum yeild calculation:

The quantum yield of NSCNPs was determined with respect to quinine sulphate (Sigma-Aldrich, Germany, 

99%) dissolving 0.1 M H2SO4 (quantum yield 54%) as standard [39]. The absorbances of various CNPs 

solutions and quinine sulphate solutions were measured in UV-Visible spectrophotometer (SHIMADZU 

UV-2450, Japan). The quantum yield of NSCNPs was calculated by using the following equation:
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Where ∅ stands for quantum yield, “I” stands for measured integrated fluorescence intensity, n is the 

refractive index and A is the absorbance. “Std” refers to the standard fluorophore (quinine sulphate). The 

absorbance of all the solutions was kept less than 0.1 to avoid inner filter effects. 

To find out the QY we have plotted integrated fluorescence intensities versus absorbance of various 

NSCNPs and standard solutions and the following equation was used:
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where “Slope” represents the slope of the plot of absorbance versus integrated intensity[1].

Fig S7: Quantum yield calculation of CNPs with respect to standard quinine sulphate



Fig S8: The effects of (A) UV-light illumination and (B) Ionic strength on the fluorescence emission of 
CNPs

Fig S9: Ratiometric phenomena of CNPs in presence of UO2
2+ at A) 375 nm B) 450 nm excitation 

wavelength  

Fig S10: Benesi–Hildebrand plot for the calculation of binding constant between CNPs and UO2
2+ 



    

Fig S11: Spectra of selective UO2
2+ sensing in presence of other metal ions

Fig S12: Absence of spectral overlap between emission of CNPs with absorption of UO2
2+

Instrumentation of TAS:

The ultrafast transient absorption experiment setup utilizing a regenerative amplified Ti: sapphire laser 

system from Coherent (808 nm, 80 fs, 3 mJ/pulse, and 1 kHz repetition rate). The 30/70 beam splitter splits 

the 808 nm laser beam into two parts; the reflected part is used as pump beam for TOPAS Optical parametric 

Amplifier. It generates the pump beam for the TAS experiment within 290-1300 nm band. The transmitted 

part of 808 nm laser pulse again splits into two beams, one part with less than 10% is first transmitted 

through retro reflector stage to generate time delay between pump and probe followed by a neutral density 

filter and focused into CaF2 crystal to generate a white light continuum (WLC) from 350 nm to 950 nm 



used as probe beam. It is then focused on the sample by curved mirror. The transmitted/ reflected probe 

from the sample is then focused and collected by fiber coupled spectrometer. The synchronized optical 

chopper is used to chop the pump at the frequency of 500 Hz. The induced absorption change (ΔA) is 

calculated by difference in absorption of two adjacent probe.

Fig S13:A) Transient absorption spectra of blue and green colour represent for CNPs and in presence of 
UO2

2+ at 450 nm; B) Decay curve of CNPs and in presence of UO2
2+ at 450 nm pump source; C) 

Time evolution of TA spectra of CNPs at 450 nm pump source; D) Time evolution of TA spectra 
of CNPs in presence of UO2

2+ at 450 nm pump source. 

Table S1: Comparison of LOD value for the sensing of UO2
2+

Materials Method Linear range LOD Ref

T-PADAP Colorimetry 0–1.0 × 10−5 (non-
linear) (mol L-1)

4 × 103 (nmol L-1) [2]

VPA-AuNPs Colorimetry 0.5-10 µM 2µM (eyes), 1.07 µM (UV-
Vis)

[3]



Rifampicin and Br-
PADAP

Colorimetry 4-50 µM (rifampicin)
0.9-7 µM (Br-PADAP)

3.17 µM (rifampicin),
0.89 µM
(Br-PADAP) 

[4]

Fe3O4-Au@CdTe 
nanostructures

SERS-
Fluorescence

0-320 nM 1.2 nM [5]

DNAzyme-based 
hydrogels on Ag NP-
grafted PAN 
nanorods

SERS 1 pM-0.1 µM 0.838 pM [6]

AuNPs Electrochemistry 2.4-48 µg L-1

48-480 µg L-1
0.3 µg L-1

1 µg L-1
[7]

Au-NP@CNTs/cat-1 Electrochemistry 0.49-170 µg L-1 0.49 ± 0.01
µg L-1

[8]

Dansyl modified 
peptide

Fluorescence 0-8 µM 83.2 nM [9]

IR-DTB Fluorescence 0-10 µM  93 nM [10]

S-LH UV-Vis 0-10 × 10-6 mol L-1 1.46 × 10-8

Mol L-1
[11]

AuNCs UV-Vis 12-160 µM 1.86 µM [12]

CNPs-Rho Fluorescence 1.0 -100.0 μM 53 nM [13]

CNPs-CdTe Ratiometric 
Fluorescence

 1 - 150 μM 0.07 μg/L [14]

b-CNPs-r-CNPs Fluorescence 0 μmol/L- 30.0 μmol 8.15 μmol/L [15]

CQDs/MnFe2O4 Adsorption [16]

CQDs@PAFP Adsorption [17]

CNPs Fluorescence 0 to 75 ppm 0.71 ppm [18]

N-CNPs/Hydrogel Fluorescence 1.94 ppb/ 8.4 nM [19]

Thenoyltrifluoroac
etone (TTA)–
Carbon 
Dot/Aerogel

Fluorescence [20]

IFE between 
AuNPs -  AuNCs

Ratiometric 
Fluorescence

0.84nM [22]

CNPs (This work) Fluorescence 25–200 μM 12 nM
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