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Fig. S1. 1H-NMR spectrum of probe NPC in DMSO-d6.

Fig. S2. 13C-NMR spectrum of probe NPC in DMSO-d6.



Fig. S3. ESI-MS spectrum of probe NPC.

Fig. S4. (a) UV-vis absorption spectra of NPC (5 μM) in DMF/PBS buffer solution 

(pH 7.4) with different DMF fractions. (b) The fluorescence emission spectra of NPC 

(5 μM) in DMF/PBS buffer solution (pH 7.4) with different DMF fractions. Inset: 

photograph for corresponding color changes of NPC in solutions with different DMF 

fractions under 365 nm UV light. (λex = 450 nm, slit: 5 nm/5 nm).



Fig. S5. The fluorescence emission spectra of NPC (5 μM) upon addition of 1 equiv. 

HSA, other proteins (5 equiv. for BSA) and various amino acid in PBS (pH 7.4) 

buffer solution (λex = 450 nm, slit: 5 nm/5 nm).

Fig. S6. The selectivity of NPC (5 μM) to 1 equiv. HSA from various metal ions (5 

μM) in PBS (pH 7.4) buffer solution. (λex = 450 nm, λem = 513 nm, slit: 5 nm/5 nm).



Fig. S7. The selectivity of NPC (5 μM) to 1 equiv. HSA from various anions (5 μM) 

in PBS (pH 7.4) buffer solution (λex = 450 nm, λem = 513 nm, slit: 5 nm/5 nm).

Fig. S8. The fluorescence responses of NPC (5 μM) to 1 equiv. HSA with the 

addition of various amino acids (5 μM) in PBS (pH 7.4) buffer solution (λex = 450 nm, 

λem = 513 nm, slit: 5 nm/5 nm).



Fig. S9. The fluorescence responses of NPC (5 μM) to 1 equiv. HSA with the 

addition of various metal ions (5 μM) in PBS (pH 7.4) buffer solution (λex = 450 nm, 

λem = 513 nm, slit: 5 nm/5 nm).

Fig. S10. The fluorescence responses of NPC (5 μM) to 1 equiv. HSA with the 

addition of various anions (5 μM) in PBS (pH 7.4) buffer solution (λex = 450 nm, λem 

= 513 nm, slit: 5 nm/5 nm).
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Fig. S11. The fluorescence spectra of NPC (5 μM) in different volume ratio of 

ethanol/water (a), glycerol/water (b) and methanol-glycerol (c) from 1:9 to 9:1 for 

studying the influence of polarity and viscosity on NPC, respectively (λex = 450 nm, 

slit: 5 nm/5 nm).

Time-resolved fluorescence analysis

During the time-resolved fluorescence analysis, the curves generated for 

fluorescence lifetime intensity decay were fitted to the following equation to estimate 

the lifetime of the samples.
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Where, αi denotes the pre-exponential factors of the ith component and τi is its relative 

lifetime and n is the number of distinct decay components. Again, the mean lifetimes 

(τm) of the samples were calculated using the following equation.

2211  m



Fig. S12. Time-resolved fluorescence decay spectra of NPC (5 μM) in the absence 

and with the incremental addition of HSA (0−5 μM) (λex = 450 nm, λem = 513 nm).

Table S1. Fluorescence lifetime decay parameters of NPC (5 μM) with gradual 

addition of HSA.

System [HSA] (μM) τ1 (ns) α1 (%) τ2 (ns) α2 (%) τm (ns) χ2

NPC-HSA 0 0.29 23.35 1.44 76.65 1.17 1.082

2 0.44 25.15 2.00 74.85 1.61 1.034

3 0.39 20.08 2.00 79.92 1.68 1.012

4 0.33 14.09 1.92 85.91 1.70 1.080

5 0.37 15.35 2.06 84.65 1.80 1.000



Fig. S13. The influence of pH value in the range of 2–12 on the fluorescence spectra 

of NPC (5 μM) in the absence and presence of 1 equiv. HSA in PBS (pH 7.4) buffer 

solution (λex = 450 nm, λem = 513 nm, slit: 5 nm/5 nm).

Fig. S14. The fluorescence intensity of NPC (5 μM) in the absence and presence of 1 

equiv. HSA during 70 min in PBS (pH 7.4) buffer solution for stability measurement 

(λex = 450 nm, λem = 513 nm, slit: 5 nm/5 nm).



Fig. S15. (a) The fluorescence emission spectra of NPC (5 μM) with the addition of 

different concentrations of HSA (0–1 equiv.) in PBS buffer solution (pH = 7.4). (b) 

The linear relationship between fluorescence intensity changes of probe NPC (5 μM) 

at 513 nm and HSA concentrations in the range of 0–5 μM. (λex = 450 nm, slit: 5 nm/5 

nm).

 Fig. S16. (a) The fluorescence emission spectra changes of probe NPC (5 μM) in 
PBS (pH 7.4) buffer solution after gradually increasing the concentrations of BSA (0–
5 μM). The inset shows the fluorescence intensity of NPC at 517 nm vs. BSA 
concentrations. (b) The fluorescence intensity changes of NPC (5 μM) at 517 nm as a 
linear function of BSA (0–4 μM) in PBS (pH 7.4) buffer solution. The inset shows the 
corresponding color changes of NPC with the increasing concentrations of BSA (λex 
= 450 nm, slit: 5 nm/5 nm).



HSA binding studies

To better understand the interaction of NPC with HSA, the fluorescence 

quenching data was analyzed with the linear Stern–Volmer equation:

F0/F = 1 + kqτ0[Q] = 1 + KSV[Q]

where F0 and F represent the fluorescence intensity of HSA in the absence and 

presence of NPC which acted as quencher, kq is the quenching rate constant, τ0 denote 

the average lifetime of the HSA without quencher (about 10-8 s), [Q] is the 

concentration of probe NPC and KSV is the Stern–Volmer quenching constant. As 

shown in Fig. S19a, the fluorescence intensity of HSA was gradually quenched by 

probe NPC and KSV can be obtained from the slope of F0/F vs. [Q] (Fig. S19a inset). 

From the kq values, we can know the quenching process of HSA by NPC is a static or 

dynamic quenching process. The number of binding sites and the binding constant of 

NPC with HSA could be determined from the Scatchard equation: 

log[(F0−F)/F] = logKb + nlog[Q]

where Kb and n stand for the binding constant and binding sites, respectively. And the 

Kb and n can be obtained from the intercept and slope of log[(F0−F)/F] vs. log[Q], 

respectively.

 

Fig. S17. (a) The fluorescence quenching of HSA (2 μM) with the addition of probe 

NPC (0–4 μM) in PBS (pH 7.4) buffer solution. Inset: Stern–Volmer plot of the 

fluorescence quenching of HSA induced by probe NPC. (b) The Modified Stern-

Volmer plot of the fluorescence quenching of HSA induced by probe NPC in PBS 

(pH 7.4) buffer solution. (λex = 295 nm, λem = 332 nm, slit: 5 nm/5 nm).



Fig. S18. Fluorescence lifetime tests (black line) and corresponding fittings (red line) 

of HSA in the absence (a) and the presence (b) of NPC in PBS (10 mM, pH 7.4). λex = 

295 nm, λem = 332 nm.

Fig. S19. The linear relationship of the fluorescence intensity with trypsin 

concentrations (0–0.65 mg/mL) in PBS buffer solution (λex = 450 nm, λem = 513 nm, 

slit: 5 nm/5 nm).



Fig. S20. The competitive displacement effect of site-specific drugs warfarin and 

ibuprofen for NPC-HSA complex (5 μM NPC and 5 μM HSA) (λex = 450 nm, λem = 

513 nm, slit: 5 nm/5 nm).


