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Scheme S1 The synthetic routes of PPCy-1 and PPAB-1.
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Scheme S2 The possible reaction process aza-Michael addition between amine and 

electrophile and some examples. 



Table S1 The comparison of LOD, sensing characteristics and sensing mechanism 

with reported methods. 

Probes LOD
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Abbr: Putrescine (Put), cadaverine (Cad), spermine (Spm), spermidine (Spd)
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Practical application: 
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Table S2 The vapor pressure, pKa and relative vapor density of different amines.

Amines Vapor pressure 

(kPa)

pKa Relative vapor 

density (air = 1)

1,3-Diaminepropane 0.58 10.94, 9.82 2.5

Putrescine 0.31 10.80 No data

Cadaverine 0.13 10.05 No data

Spermidine 0.036 11.56, 10.80, 9.52 No data

Trimethylamine 214.6 9.80 2.04

Triethylamine 7.6 10.78 3.5

Ammonia 48.0 9.23 0.6
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Figure S1 1H NMR spectrum of PPCy-H
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Figure S2 MALDI-TOF spectrum of PPCy-H
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Figure S5 MALDI-TOF spectrum of PPCy-1

Figure S6 DFT calculation of PPCy-1
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Figure S7 The emission intensity at 720 nm of PPCy-1 after exposure xenon lamp (150 

W) for different time.
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Figure S8 Concentration-dependent UV-vis spectra and linear relationship of 

absorption at 695 nm of PPCy-1 (2.5 μM) in presence of putrescine, cadaverine, 

spermine, spermidine at 25 oC, each solution was mixed and left for 2 min.





300 400 500 600 700
0.0

0.1

0.2

0.3

0.4  0 min
 1 min
 2 min
 3 min
 4 min
 5 min

A
bs

.

Wavelength (nm)

1,3-Propanediamine

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4

A
bs

.

Wavelength (nm)

1,6-Hexanediamine

0 min

50 min

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4

A
bs

.

Wavelength (nm)

n-Propylamine
0 min

30 min

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4

A
bs

.

Wavelength (nm)

Diethylamine

0 min

30 min

Figure S9 The time-dependent UV-Vis spectra of PPCy-1 (2.5 µM) in presence of 1,3-

propanediamie, 1,6-hexanediamino, n-propylamine and diethylamine (50 µM) at room 

temperature.
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Figure S10 The time-dependent emission spectra of PPCy-1 (2.5 µM) in presence of 

1,3-propanediamie, 1,6-diaminohexane, propylamine and diethylamine (50 µM) at 

room temperature.

Wavelength (nm)



300 400 500 600 700
0.0

0.1

0.2

0.3

0.4  0 eq
 1.0 eq
 2.0 eq
 3.0 eq
 4.0 eq
 5.0 eq
 6.0 eq
 7.0 eq
 8.0 eq
 9.0 eq

A
bs

.

Wavelength (nm)

Putrescine

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4
 0 eq 
 2.0 eq 
 4.0 eq 
 6.0 eq 
 8.0 eq 
 10.0 eq 
 12.0 eq 

A
bs

.

Wavelength (nm)

Cadaverine

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4
 0 eq
 0.4 eq
 0.8 eq
 1.2 eq
 1.6 eq
 2.0 eqA

bs
.

Wavelength (nm)

Spermidine

300 400 500 600 700
0.0

0.1

0.2

0.3

0.4  0 eq
 0.4 eq
 0.8 eq
 1.2 eq
 1.6 eq
 2.0 eq
 2.8 eq
 3.6 eq

A
bs

.

Wavelength (nm)

Spermine

Figure S11 The BAs concentration-dependent UV-vis spectra of PPCy-1 (2.5 µM) in 

presence of putrescine, cadaverine, spermidine, and spermine at room temperature for 

2 min.
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Figure S12 The BAs concentration-dependent emission spectra of PPCy-1 (2.5 µM) in 

presence of putrescine, cadaverine, spermidine, and spermine at room temperature for 

2 min.
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Figure S13 Determination of limit of detection (LOD) using linearly-fitted ratiometric 

plot using absorption intensities at 340 nm and 695 nm of putrescine, cadaverine, 

spermidine, and spermine.
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Figure S14 The time-dependent UV-Vis spectra of PPAB-1 (2.5 µM) in presence of 

spermidine, cadaverine (50 µM) at room temperature.
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Figure S15 The reaction kinetics of PPAB-1 (2.5 µM) in presence of spermidine, 

cadaverine (50 µM) at room temperature.
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Figure S16 The HRMS spectra of PPCy-1 (2.5 µM) in presence of cadaverine (50 µM) 

at room temperature. 
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Figure S17 The FTIR spectra of PPCy-1 in absence and presence of spermidine.
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Figure S18 (a) the UV-Vis and (b) emission spectra of DPP compound 2 (2.5 μM). 
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Figure S19 (a) the UV-Vis and emission spectra of heteroaromatic acetonitrile 1 (2.5 

μM) in CHCl3.
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Figure S20 (a) The possible intermolecular H-bonding of diketopyrrolopyrrole (2). (b) 

The possible intermolecular H-bonding of between different amines and 

diketopyrrolopyrrole (2).
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Figure S21. The color and emission changes of PPCy-1-loaded filter paper with 

colorimetric (top) and fluorescent (bottom) dual modes in presence of (a) spermine, and 

(b) spermidine at 25 oC. 
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Figure S22. Photos of PPCy-1-loaded filter paper written “GZ” letters before and after 

exposure to amine solution (1 mM) in dioxane under daylight and UV light. From left 

to right: blank, 1,3-diaminopropane, putrescine, cadaverine, 1,6-diaminohexane, 

spermidine, spermine.
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Figure S23. UV-vis spectra and photos of PPCy-1-loaded filter paper before and after 

exposure to spermidine and ammonia vapor. 
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Figure S24. The emission spectra and photos of PPCy-1-loaded filter paper before and 

after exposure to trimethylamine, triethylamine, putrescine, 1,3-diaminepropane, 

cadaverine, spermidine and ammonia vapor. 
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Figure S25 The time-dependent (left) absorption and (right) emission spectra of PPCy-

1 (2.5 µM) solution in presence of ammonia vapor at room temperature.
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Figure S26. Photos of monitoring shrimp spoilage at (a) -4 °C and (b) 4 °C by PPCy-

1-loaded filter paper under daylight and 365 nm irradiation.
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Figure S27. Photos of monitoring shrimp spoilage at 4 °C by PPCy-1-loaded CAD-40 

resin under daylight and 365 nm irradiation.


