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1. Materials and methods

1.1 Materials and instruments

In this paper all reagents were obtained from the best known commercial sources and used without further 

purification. 1H NMR spectra were acquired on a Bruker AV 400 spectrometer. Electrospray ionization time-of-

flight (ESI-TOF) mass spectra and Electron ionization (EI) spectra were mesured on Bruker maXis mass and Agilent 

5973 N spectrometers, respectively. FT-IR spectra of samples were obtained from KBr disks on a Perkin Elmer 

Spectrum One spectrophotometer. Elemental analyses were performed on an Elementar Vario EL cube analyser. 

UV-Vis spectra were collected on a Perkin Elmer Lambda 25 spectrometer. Excitation and emission spectra were 

recorded on an Edinburgh FLS 1000 fluorescence spectrophotometer. 

1.2 Synthetic procedures

3, 3', 3 "-trimethoxytriphenylamine (TTA)

m-aminoanisole (1.85 g, 15.00 mmol) and 3-iodoanisole (8.07 g, 34.50 mmol) were dissolved in 100 mL 

dichlorobenzene. Copper powder (9.45g, 150.00 mmol), 18-crown-6 (2.38 g, 0.90 mmol) and K2CO3 (31.16 g, 

22.58 mmol) were added to the above solution under nitrogen protection. The reflux reaction was heated for 24 

hours, at which point TLC analysis indicated completion. The catalysts were removed by filtration, and the filtrate 

was washed with dilute ammonia until colorless, followed by several washes with water. The solution was dried 

over anhydrous sodium sulfate, and excess solvent was removed by rotary evaporation under reduced pressure. 

A yellow oily liquid (4.11 g, 80.52% yield) was obtained and characterized by thin-layer chromatography (TLC; 

silica gel, petroleum ether/EtOAc 4:1). 1H NMR (400 MHz, CDCl3): δ 3.73 (m, 9H), 6.57 (m, 3H), 6.66 (m, 6H), 7.16 

(t, 3H). HRMS (m/z) (ES+) Calculated for C21H21NO3 m/z = 335.4035 [M]. Found m/z = 335.4083.
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3,3',3"-trihydroxy-4, 4', 4" -triacetyl triphenylamine (TTTA)

Acetyl chloride (3.15 g, 40.10 mmol) was added slowly to aqueous aluminum chloride (5.35 g, 40.10 mmol) in 20 

mL CH2Cl2 and stirred for 30 min. The solution was added dropwise to 1, 2-dichloroethane solution of TTA (6.68 g, 

2.24 mmol) at 0 °C and stirred for 24 hours at room temperature. The resulting mixture was poured into ice 

water and filtered to remove the catalysts. The organic phase was separated, washed twice with water, dried 

over anhydrous Na₂SO₄, and evaporated to dryness. The crude product was recrystallized from acetonitrile to 

afford yellow needle-like crystals (2.50 g, 81.52% yield). 1H NMR (400 MHz, CDCl3 ): δ 2.60 (m, 9H), 6.64 (m, 6H), 

7.64 (d, 3H), 12.48 (s, 3H). HRMS (m/z) (ES+) Calculated for C24H22NO6 m/z = 420.4421 [M + H]+. Found m/z = 

420.4410.

Tri (3- (2-) pyridyl methoxy) - tri (4- : acetyl) triphenylamine (TPTA)

TTTA (0.52 g, 1.25 mmol) and anhydrous K2CO3 (2.07 g, 15.00 mmol) were dissolved in 50 mL anhydrous acetone. 

Then, 2-chloromethyl pyridine hydrochloride (1.22 g, 7.50 mmol) and anhydrous K2CO3 (2.07 g, 15.00 mmol) was 

stirred for 30 minutes at room temperature under nitrogen, then they were added to the above solution and 

heated for 36 hours, by which time TLC analysis indicated the reaction was complete. After the reaction was 

completed, the precipitate was filtered, and the filtered solution was concentrated under reduced pressure. It 

was then poured into the water when brown solid was formed, which was then filtered and the residue was 

charged by thin-layer chromatography (silica gel, petroleum ether–EtOAc, 1 : 4) to provide the desired product as 

a yellow powder (0.52 g, 60.03 %). 1 H NMR (400 MHz, CDCl3 ): δ 2.68 (s, 9H), 5.07 (s, 6H), 6.56 (m, 6H), 7.21 (m, 

3H), 7.47 (d, 3H), 7.63 (d, 3H), 7.71 (m, 3H), 8.45 (d, 3H). HRMS (m/z) (ES+) Calculated for C42H37N4O6 m/z = 

693.7802 [M + H]+. Found m/z = 693.7810.

(2, 2', 2'')-1,1',1''-(nitrilotris (2-(pyridin-2-ylmethoxy) benzene-4,1-diyl)) tris (4,4,4-trifluoro-3-hydroxybut-2-en-

1-one) (L4)

In 50 mL of ethylene glycol dimethyl ether (DME), ethyl trifluoroacetate (2.30 g, 16.20 mmol) and sodium 

methoxide (0.87 g, 16.20 mmol) were dissolved and stirred for 30 min at room temperature. TPTA (1.87 g, 2.70 

mmol) was added and stirred for overnight. The resulting solution was quenched with water and acidified to pH 

4–5 using a 2.0 M solution of succinic acid. The yellow precipitate that formed was collected by filtration and 

dried under vacuum. Recrystallization from acetonitrile afforded yellow needle-like crystals. (2.00 g, 75.61 %). 1H 

NMR (400 MHz, CDCl3): δ 5.09 (m, 6H), 6.69 (s, 3H), 6.72 (d, 3H), 7.12 (s, 3H), 7.23 (m, 3H), 7.49 (d, 3H), 7.73 (t, 

3H), 7.91 (d, 3H), 8.48 (d, 3H), 15.31 (s, 3H). HRMS (m/z) (ES+) Calculated for C48H32F9N4O9 m/z = 979.7893 [M - 

H]-. Found m/z = 979.7820.

Synthesis of Ln4L4
4 [Ln = Eu, Gd, La]

Triethylamine (0.15 g, 1.50 mmol) and L4 (0.49 g, 0.50 mmol) were dissolved completely under stirring in 

methanol. LnCl3·6H2O (Ln = Eu, La and Gd; 0.50 mmol) was dissolved in 1 mL methanol, then added to above-

mentioned solution and stirred overnight at room temperature. The solution was poured into water and stirred 

until a yellow precipitate was completely formed. The product was filtered, washed with water (3 × 30 mL), 

dichloromethane (3 × 30 mL), and n-hexane (3 × 30 mL), and then dried under vacuum.



Eu4L4
4. (0.49 g, 87.10%). HRMS (m/z) (ES+) Calculated for C192H120Eu4F36N16NaO36 m/z = 4541.4248 [M + Na]+. 

Found m/z = 4541.4255; Anal. Calc. For C192H120Eu4F36N16O36: C, 49.45; H, 2.94; N, 4.81. Found: C, 49.12; H, 2.87; 

N 4.88.

Gd4L4
4. (0.50 g, 88.41%). HRMS (m/z) (ES+) Calculated for C192H121F36Gd4N16O36 m/z = 4540.4541 [M + H]+. Found 

m/z = 4540.4537; Anal. Calc. For C192H120F36Gd4N16O36: C, 49.23; H, 2.93; N, 4.78. Found: C, 49.17; H, 2.97; N, 4.75. 

La4L4
4. (0.49 g, 87.62%). HRMS (m/z) (ES+) Calculated for C192H121F36La4N16O36 m/z = 4467.3887 [M + H]+. Found 

m/z = 4467.3892; Anal. Calc. For C192H120F36La4N16O36: C, 50.02; H, 2.97; N, 4.86. Found: C, 49.96; H, 3.05; N, 4.92.

1.3 Test procedures

0.0045 g (10-6 mol) was dissolve in 0.5 mL of THF-d8 (c = 2 × 10−3 M), and then record the 1H NMR spectrum 

of the solution. To the above solution, add putrescine (DAB) in batches, 0.0011 g (12ⅹ10-6 mol)、0.0011 g and 

0.0022 g (24ⅹ10-6 mol) each time, for a total of three additions. After each addition, measure the 1H NMR 

spectrum of the solution. Finally, compare and analyze the four obtained spectra to generate Figure 6.

2. Supplementary Figures and Tables

Figure S1 The structures of ligands L1, L2 and L3.



Figure S2 EI-MS spectrum of 3, 3', 3 "-trimethoxy triphenylamine.

Figure S3 400 MHz 1H NMR spectrum of 3, 3', 3 "-trimethoxy triphenylamine in CDCl3.



Figure S4 ESI-MS spectrum of 3, 3', 3 "-trihydroxy-4, 4', 4" -triacetyl triphenylamine.

Figure S5 400 MHz 1H NMR spectrum of 3, 3', 3 "-trihydroxy-4, 4', 4" -triacetyl triphenylamine in CDCl3.



Figure S6 ESI-MS spectrum of tri (3- (2-) pyridyl methoxy) - tri (4- : acetyl) triphenylamine.

Figure S7 400 MHz 1H NMR spectrum of tri (3- (2-) pyridyl methoxy) - tri (4- : acetyl) triphenylamine in CDCl3.



Figure S8 ESI-MS spectrum of ligand L4.

Figure S9 400 MHz 1H NMR spectrum of ligand L4 in CDCl3.



Figure S10 ESI-TOF-MS of tetrahedra La4L4
4 with insets showing the observed (Obs.) and simulated (Sim.) isotopic 

patterns of the cation [La4L4
4 + H]+ peaks.

Figure S11 ESI-TOF-MS of tetrahedra Gd4L4
4 with insets showing the observed (Obs.) and simulated (Sim.) 

isotopic patterns of the cation [Gd4L4
4 + H]+ peaks.



2.1 Sensing experiments.

Figure S12 Emission spectra of Eu4L1
4 and Eu4L4

4 upon the addition of different concentration of amines (λex = 390 

nm).



Figure S13 Lifetime of Eu4L4
4 with adding DAB in THF. (c=0.25 ⅹ 10-5M).

2.2 Calculation of detection limit (LoD)

The detection limits of Eu4L4
4 were determined by 3σ/S. In the first step, the backgroud noise of Eu4L4

4 was 

determined by calculating the standard deviation of the emission intensity in the N data points recorded before 

amine exposure. The detection limits was then calculated following Eq. 3, where slope is the slope of the linear 

regression fit of the Eu4L4
4 response vs. amines concentration (See Figure S14).
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Figure S14 Linear range of luminescence response for Eu4L1
4 and Eu4L4

4  towards different concentration of 

amine. The slopes of the linear regressions were used in calculating the detection limt of the corresponding 

amines.

Table S1 The detection limits of Eu4L4
4 for a series of biogenic amines.

EDA DAB DAP PA DPA TPA

Detection limit 

(mM)

0.033 0.03 0.028 0.22 0.18 0.31



Table S2 The detection limits of Eu4L1
4 for a series of biogenic amines.

EDA DAB DAP PA DPA TPA

Detection limit 

(mM)

0.39 0.24 0.37 1.12 1.0 1.29

Figure S15 Linear range of log F-F0 / Fmax -F for Eu4L1
4 and Eu4L4

4 towards log[monamine]. The reciprocal of the 

intercept of the linear regressions were binding constant of Eu4L1
4 and Eu4L4

4. (F0: the initial luminescence 

intensity; F: the luminescence intensity after adding different concentration of monamine; Fmax: The 

luminescence intensity at saturation binding).

Table S3 The binding constant of Eu4L1
4 and Eu4L4

4 for a series of monamine.

Binding constant

(103) M-1

PA DPA TPA

Eu4L1
4

Eu4L4
4

0.04968

0.2820

0.03277

0.1870

0.01899

0.09860



Figure S16 Linear range of log F-F0 / Fmax -F for Eu4L1
4 and Eu4L4

4 towards log[diamine]. The reciprocal of the 

intercept of the linear regressions were binding constant of Eu4L1
4 and Eu4L4

4. (F0: the initial luminescence 

intensity; F: the luminescence intensity after adding different concentration of diamine; Fmax: The luminescence 

intensity at saturation binding).

Table S4 The binding constant of Eu4L1
4 and Eu4L4

4 for a series of diamine.

Binding constant

(103) M-1

EDA DAB DAP

Eu4L1
4

Eu4L4
4

0.07447

0.4229

0.09533

0.4915

0.1299

0.6408

Figure S17 Time-resolved emission intensity of Eu4L4
4 upon adding biogenic amines.



Table S5 Summary of fluorescence sensing properties of various sensors 1–34 for BAs and NH3

Sensor Sensing analyte Selectivity LOD Response 
time

Reversibility Reference

1 BAs good ­ < 1 s Reversible 1
2 BAs/NH3 ­ ­ 1 min Reversible 2
3 BAs good 0.15 μm < 1 min ­ 3
4 BAs good 62.1 nM < 1 min Irreversible 4
5 BAs good 2.53 nM >200 s ­ 5
6 BAs good 209 nM 40 min ­ 6
7 BAs / NH3 good 6.9 nM

62 nM
< 5 min ­ 7

8 BAs (amine vapor) good 3.82 ppm 1 min ­ 8
9 BAs

amine vapor
good 46 nM

8.65 ppm
15 s ­ 9

10 BAs good 14 nM 60 s ­ 10

11 BAs /

amine vapor

good 180 to 400 nM 
for

diamines
4.3 ppm for 
putrescine

­ Irreversible 11

12 Amine / NH3 good 6.85 ppm ­ ­ 12
13 Amine vapors good 12.7 ppm ­ ­ 13
14 Amine vapors good 8.4 ppm ­ ­ 14
15 Amine vapors good 690 ppb for NH3 ­ ­ 15
16 NH3 good ­ 87 s Reversible 16
17 NH3 ­ ­ 3-15 s Reversible 17
18 NH3 good 6.5 ppb (384 nM) ­ Reversible 18
19 NH3 good 5 ppm < 5 s Reversible 19
20 NH3 ­ 5.8925 ⅹ10-4 < 1 s Reversible 20
21 Organic amines good 0.35 μM, 2.22 

μM, and 1.26 μM
­ ­ 21

22 Amine vapors good 80 ppm < 20 s ­ 22
23 Organic amines good sub-ppm ­ Reversible 23
24 Organic amines good ­ ­ ­ 24
25 Methylaminevapor

s
­ ­ ­ Reversible 25

26 Organic
amine vapors

good ­ ­ ­ 26

27 Histidine good 0.18 μM 1 min ­ 27
28 BAs good ­ 112 ms Reversible 28
29
30
31

32

33

34

BAs
BAs
BAs

4.3 ppb and 5.1 
ppb for spermine 
and spermidine

BAs

spermine and
spermidine

good
good
good

good

good

good

13.9 ppm
1.83 ppm

0.41 mu mol/L-
1.14 mu mol/L
4.3 ppb and 5.1 

ppb for spermine 
and spermidine
12.8-13.4 × 10−8 

M
15.29 nM (3.07 
ppb) and 10.29 
nM (2.08 ppb)

73 ms
< 2 s
2-8 s

­

28s

< 5 s

Reversible
­
­
­

­

­

­

29
30
31

32

33

34
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Table S6 The intensity ratio of the 5D0→7F2 to 5D0→7F1 transitions (I7F2/I7F1) of Eu4L4
4 for EDA.

Equiv. of 

added EDA

0 10 equiv. 20 equiv. 30 equiv. 40 equiv.

7F2 0.046 1.00 1.97 3.88 6.43Counts

(104) 7F1 0.023 0.051 0.094 0.19 0.32

I7F2/I7F1 20.00 19.61 20.95 20.26 20.09

Figure S18 NOESY (400 MHz) spectrum of La4L4
4 with adding DAB in DMSO-d6. (a) NOESY of La4L4

4 with adding 

DAB. (b) NMR assignment of L4. (c) NMR assignment of DAB.



Figure S19 2D-1H-DOSY NMR spectra of La4L4
4 with adding DAB in THF-d8. (a) DOSY of La4L4

4. (b) DOSY of DAB. (c) 

DOSY of La4L4
4 with adding DAB. (d) NMR assignment of L4. (e) NMR assignment of DAB.



Figure S20 UV/vis absorption spectral changes of Gd4L4
4 by the addition of various amines in THF/CH3CN. 

(vTHF/vCH3CN= 1:9, 0.25 × 10−5 M).



Figure S21 Phosphorescence emission spectral changes of Gd4L4
4 by the addition of various amines in THF/CH3CN. 

(vTHF/vCH3CN= 1:9, 0.25 × 10−5 M).


