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1. Experimental Section

A. Photophysical studies

All the UV-Vis and fluorescence spectroscopic studies were performed in UV-2700 

spectrophotometer (Shimadzu, Japan) and Fluoromax-4 spectrofluorimeter (Horiba) respectively, 

taking the sample solutions in a quartz cuvette of 10 mm x 10 mm path length. Since, the change 

in absorbance for the dye at ~605 nm is significantly small during complexation process; in 

steady-state emission measurements all the sample solutions were excited at ~605 nm to mitigate 

any distortion in emission output. Temperature was kept constant (~25 oC) during all the 

spectroscopic investigations.

B. Dynamic light scattering (DLS)

Particle size analyzer (Model: SZ-100, Horiba, Japan) with a solid-state laser (532 nm 

wavelength and 10 mW power) pumped by diode, was utilized for the DLS measurements. The 

scattered light falling at an angle of 173o on a photomultiplier provided the required signal. The 

measurements were carried out at least five successive times to have an average size of the 

aggregated particles. With the help of Stokes-Einstein’s equation, hydrodynamic diameter (dh) 

for the particles was evaluated, where, D= kBT/3πƞdh (where, kB = Boltzman Constant, T= 

absolute temperature, D= diffusion coefficient, ƞ = viscosity of solvent).

C. Atomic force microscopy (AFM)

Atomic Force Microscope (obtained from NTMDT Ntegra) was used to obtain AFM image of 

the BDP-Sty@SDS@Sp complex. The sample solution (10 L) was spotted on a freshly cleaved 

mica plate of 1 cm x 1 cm dimension, attached to a sapphire substrate, and then gradually dried 

under an infrared lamp for ~30 minutes. The same was then placed on the sample holder of the 

AFM. Semi-contact mode was used to scan the mica surface with NSG11 golden silicon probe 

tip using a 100-micron scanner attached with a SMENA head. Measurements were done across 

X–Y–Z axis with the help of NTMDT NOVA 1.1.01780 software and which also measured the 

height of 50 randomly selected BDP-Sty@SDS@Sp particles using arbitrary height 

measurement tool.
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D. Transmission electron microscopy (TEM)

For TEM, 10 μL of freshly prepared ternary complex, BDP-Sty@SDS@Sp was spotted on a 

carbon coated (Carbon Type-B, 200 mesh) Cu grid and then evaporated under infra-red lamp for 

about 45 minutes to make it completely dry. After that it was subjected to TEM study under 

transmission electron microscope (TEM) of Zeiss-Carl (Libra-120) at an accelerating voltage of 

120 kV.

E. Calculation of limit of detection

Limit of detection (LOD) = 3/S

where,  = standard deviation, obtained from 10 successive fluorescence measurements of BDP-

Sty@SDS binary complex (as blank) in buffer or in 20% urine or 0.5% human serum at ex = 

605 nm and S = slope of the calibration curve, obtained from the change in fluorescence intensity 

of the BDP-Sty@SDS binary complex as a function of spermine concentration.

F. Calculation of quantum yield ()

Quantum yield of BDP-Sty in the form of free, binary (BDP-Sty@SDS) and ternary complex 

(BDP-Sty@SDS@Sp) were calculation using the following equation:

𝑆𝑎𝑚

𝑆𝑡𝑑
=  

𝐹𝐴𝑆𝑎𝑚

𝐹𝐴𝑠𝑡𝑑
 𝑥 

𝑂𝐷𝑆𝑡𝑑

𝑂𝐷𝑠𝑎𝑚
 𝑥 
 2

𝑆𝑎𝑚

 2
𝑆𝑡𝑑

  

Where, Sam = Quantum yield of the species to be determined.

Std = Quantum yield of the standard = 0.04 for BDP-Sty in MeOH.1

FAsam and ODsam are the area under the fluorescence curve and optical density of the sample, respectively.

FAstd and ODstd are the area under the fluorescence curve and optical density of the standard, respectively.

sam = Refractive index of the medium of the sample = 1.333 (for aqueous medium)

std = Refractive index of the medium of the standard = 1.328 (for MeOH).
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Figure S1. Normalized absorption spectra of BDP-Sty in EtOH (red) and in buffer solution containing 5 

mM SDS (green).

Figure S2. Normalized absorption spectra of BDP-Sty@SDS complex (3 M BDP-Sty+0.6 mM SDS) at 

0 (black) and 632.6 mM (green) of NaCl in 5 mM phosphate buffer at pH 7.
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Figure S3. Emission spectra of 3 M BDP-Sty at different combination in 5 mM phosphate buffer at pH 

7. λex = 605 nm.

Figure S4. Emission spectra of BDP-Sty@PSS complex (3 M BDP-Sty+2.5 M PSS at (1) 0, (2) 14.5, 

(3) 29.0, (4) 43.4, (5) 57.7, and (6) 71.9 M of Sp in 5 mM phosphate buffer at pH 7. Inset: Linear fit of 

intensity change of BDP-Sty@PSS complex with increasing spermine concentration. Linear regression is 



S7

I665 = 1.3 × 103 [Sp/μM] + 59365.2; R2 = 0.982, LOD ~1.68 M, standard deviation (σ) = 730.2. λex = 605 

nm.

Figure S5. Emission spectra of BDP-Sty@CTAB complex (3 M BDP-Sty+0.6 mM CTAB) at (1) 0, (2) 

14.5, (3) 29.0, (4) 57.7, (5) 86.5, (6) 115.0 and (7) 169.6 M of Sp in 5 mM phosphate buffer at pH 7. λex 

= 605 nm.
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Figure S6. Emission spectra of BDP@SDS complex (3 M BDP+0.6 mM SDS) at (1) 0, (2) 5.1, (3) 10.2, 

(4) 15.2, (5) 20.2 and (6) 25.2 M spermine in 5 mM phosphate buffer at pH 7. λex = 470 nm. 

Figure S7. Size distribution of BDP-Sty@SDS@Sp ternary complex particles obtained from AFM study.

400 nm 

Figure S8. TEM image of BDP-Sty@SDS@Sp ternary complex particles obtained from AFM study.
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Figure S9. Schematic presentation of spermine detection by BDP-Sty@SDS binary complex.

Table S1. Quantum yield of BDP-Sty at different condition. Quantum yield () = 0.04 for BDP-

Sty in MeOH has been taken as reference quantum yield for calculation.1

Species 

BDP-Sty in MeOH 0.04

BDP-Sty in buffer 8.6 x 10-5

BDP-Sty@SDS in buffer 1.2 x 10-4

BDP-Sty@SDS@Sp in buffer 0.004
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Table S2. Different optical probes used for spermine detection.

S.N. Probes Dynamic Range Limit of detection 

(LOD)

Reference

1. Metal-mediated ethynylarene 25 µM  2.5 mM 25 µM 2

2. Mixture of anionic pyrocatechol 

violet (PV) and 3-

carboxyphenylboronic acid 

(CPB)

1–10 μM 6.24 μM 3

3. Hydrogel CB@AG 6 μM–2.5 mM 6 μM 4

4. POC12-SQ Complex 20100 µM 4.73 µM 5

5. Carboxylic acid-functionalized 

polyfluorene (PFCOOH-BT5)
020 µM 2 µM 6

6. Supramolecular Hydrogel 

Hybrid of G-coum⊂MMT

20100 µM 1.4  µM 7

7. Selective AIE-CB7  based 

fluorescent probes

0–12 µM 1.0  µM 8

8. Tetraphenylethylene derivative 

based probe

1–31 µM 0.7 µM 9

9. Self-assemblies ENS-1 and 

ENS- 2
02.5 μM and 020  μM 6 nM and 0.5  μM 10

10. Ciprofloxacin-Tb3+ complex 2–180 μM 0.17 μM 11

11. BDP-Sty@SDS assembly 075 M in buffer, 096 

µM in 50% urine and 

066 µM in 0.5% serum

65.6 nM in buffer, 

1.79  μM in 50% 

urine and 2.38  μM 

in 0.5% human 

serum

This work
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