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S-I Characterization and Measurements

Instrument: The structure and morphology of lanthanide Metal−Organic Framework 

were characterized by a Hitachi S-4700 scanning electron microscope (Japan, Hitachi). 

UV-vis absorption spectra were collected using a TU-1900 by Beijing Purkinje 

GENERAL Instrument Co., Ltd.. Fluorescence spectra were measured using an F-

2700 fluorescence spectrophotometer (Japan, Hitachi) with a photomultiplier tube 

(PMT) voltage fixed at 400 V, excitation and emission slits set at 5 nm, and the 

scanning speed is set to 1500 nm·min−1. Solid powder X-ray diffraction analysis was 

shown using an Empyrean type X-ray powder diffractometer (Dutch, PNAlytical). 

Fourier transform infrared (FT-IR) spectroscopy was recorded using a Nicolet IS50 

micro-infrared spectrometer (America, Thermo). Thermal gravimetric analysis (TGA) 

was undertaken on a TGA/DSC Model 3+ Simultaneous Thermal Analysis Mass 

Spectrometer at a heating rate of 10 °C min-1. The electronic properties of the 

elements in the MOF were analyzed by XPS (Thermo- -ESCALAB250). The room-

temperature lifetimes were measured on an Edinburgh FLS-980 with an EPL-375 

optical laser. Nitrogen adsorption-desorption measurements were conducted using a 

Micromeritics 3Flex surface characterization analyzer. Specific surface areas were 

calculated by the Brunauer-Emmett-Teller (BET) method.

Materials: Europium chloride hexahydrate (EuCl3·6H2O), 1,2-diaminobenzene(OPD) 

and m-Phenylenediamine(MPD) were bought from Shanghai Adamas Reagent Co., 



Ltd. (Shanghai, China). Pyridine dicarboxylic acid (2, 6-pyridine dicarboxylic acid, 

DPA) and diethylamine (DEA) were bought from Aladdin Reagent Co., Ltd 

(Shanghai, China). Ethanol absolute, ethylenediamine(EDA), and triethylamine (TEA) 

were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China) p-

phenylenediamine (PPD), ethylamine (EA), and aniline (AN) were purchased from 

Shanghai Macklin Biochemical Co. Ltd. (Shanghai, China). All the medicines and 

reagents used in the experiment were analytically pure, and the water used in the 

experiment was ultrapure water of 18.25 M/cm.

Detection of Amines by Eu-DPA: All the fluorescence titration measurements were 

conducted by exciting the resulting suspension at 275 nm and recording the spectra 

within 295-800 nm. To perform the concentration-dependent sensing event, Eu-DPA 

was ground into a fine powder and uniformly dispersed in 2 mL mili-Q water to 

prepare a 0.5 mg·mL-1 Eu-DPA solution. Sonication resulted in a homogeneous 

suspension, followed by the addition of varying amounts of hydrazine hydrate. After 

standing for a while, the resulting suspension was transferred to a cuvette. 

Fluorescence emission spectra were collected at room temperature, and conditions 

were kept constant for each fluorescence test.

Computational Methods: All the density functional theory (DFT) calculations were 

performed with Gaussian 09 (version D.01) package on a PowerLeader cluster. 



Geometries of compounds DEA, EA, TEA, EDA, AN, OPD, MPD, PPD and DPA 

were optimized with B3LYP hybrid functional at the basis set level of 6-31G(d, p). 

The highest occupied molecular orbital (LUMO) energies and the lowest unoccupied 

molecular orbital (LUMO) energies of the DEA, EA, TEA, EDA, AN, OPD, MPD, 

PPD and DPA were then obtained from the output files. Based on optimized 

geometries, the excited state properties were estimated by time-dependent density 

functional theory (TD-DFT) with the B3LYP functional at the same basis.

Preparation of Eu-DPA test strips: Luminescence test strips were fabricated by 

immersing qualitative filter paper in a 0.5 mg/mL Eu-DPA ethanol suspension using 

the dipping method. The filter paper was cut into rectangular pieces and soaked in the 

solution for 10 hours. Afterward, the paper was vacuum-dried at 60 °C overnight, 

yielding the Eu-DPA test strips.

Cyclic Testing: The Eu-DPA aqueous suspension treated with DEA/PPD was filtered, 

repeatedly washed with distilled water, and dried before conducting each subsequent 

sensing experiment.



S-II Figures

Figure S1. PXRD patterns of synthesized and simulated Eu-DPA.

Figure S2. N2 adsorption/desorption isotherms of Eu-DPA recorded at −195.85 °C.



Figure S3. XPS survey spectra (a), C 1s (b), O 1s (c) and Eu 3d (d) of Eu-DPA.

Figure S4. FT-IR spectra of DPA and Eu-DPA.



Figure S5. The thermal gravimetric analysis of Eu-DPA.

Figure S6. PXRD patterns of Eu-DPA after soaked in aqueous solution for 7 days.



Figure S7. PL spectra and intensities of Eu-DPA after soaked in aqueous solution 
for different days.

Figure S8. PXRD patterns of Eu-DPA after treatment with acidic (pH=2) and basic 
(pH=12) aqueous solutions.



Figure S9. PXRD patterns of Eu-DPA after treatment with DEA and PPD solutions.

Figure S10. The excitation (λex=275 nm, black line) and emission (λem =614 nm, red 

solid line) spectra of Eu-DPA.



Figure S11. (a)The UV-vis absorption spectra of DPA and Eu3+; (b) the excitation 
and emission spectra of DPA.

Figure S12. The energy level schematic diagram of DPA and Eu3+.



Figure S13. PL spectra (a) and intensities (b) of Eu-DPA with different pH.

Figure S14. Photographs of Eu-DPA after added different amines in aqueous solution. 

Figure S15. Fluorescence response time of Eu-DPA toward DEA (a) and PPD (b).



Figure S16. Fluorescence emission spectra of Eu-DPA upon the addition of different 

concentrations of (a) EA, (b) EDA, (c) TEA, (d) AN, (e) OPD and (f) MPD.



Figure S17. PL spectra of Eu-DPA for determining the standard deviation.

Figure S18. Recyclability experiments of Eu-DPA toward discriminative detection of 
DEA and PPD for 5 cycles.



Figure S19. Photographs of test strips for blank and response to various amines under 
UV excitation at 254 nm.

Figure S20. The ground state configurations and frontier orbital distributions of 
HOMO/LUMO for aromatic amines, DPA and aliphatic amines.



S-III Tables

Table S1. Fluorescence intensities and I0/I ratios from eleven sets of PL spectra of 
bare Eu-DPA.
I0 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 σa

I 387.1 387.6 387.5 387.3 387.8 387.7 387.7 387.7 387.8 387.9 387.2 0.21

I0/I 1.0000 0.9987 0.9990 0.9995 0.9982 0.9985 0.9985 0.9985 0.9982 0.9979 0.9997 5.5x10-4

a the standard deviation.



Table S2. State of the art of discriminative detection of amines.
Material Selectivity Detection limit Amines 

amounts
Ref

Eu-DPA Aliphatic Amine
(turn on) and aromatic amine 

(turn off)

DEA (220 nM),
PPD (0.33 μM)

8 Our 
works

Conjugated Porous
polymers (CPPs) P1

and P2

Aliphatic Amine
(turn on) and aromatic amine 

(turn off）

TEA (43 nM),
AN (81 nM)

3 1

Conjugated polymer Aliphatic Amine 
(turn on) and aromatic amine 

(turn off)

PPD (89 μM) 8 2

Zr(IV) based MOF Aliphatic Amine 
(turn on) and aromatic amine 

(turn off)

MA (66.2 nM),
AN (0.16 μM)

5 3

BITSH-1 and BITSH-2 Aliphatic Amine
(turn off) and aromatic 

amine（turn on）

TEA (0.66 μM),
AN (2.28 μM)

5 4

[Eu2(BINDI)
(NO3)2(DMA)4]·2DMA

OPD 0.94 μM - 5

NH2 -MIL-101(Fe) PPD 1 μM - 6

SHSPCs DEA 68 nM - 7
{[Zn3(L)1.5(DMF)3]•C2H7N} 

n
TEA 1.07 μM - 8

Eu-TTPDC EA 1.30 μM - 9

{[Eu4(taip)4(ox)(OH)2(H2O)
4]·3H2O}n

DEA 0.49 μM - 10

TGH+•PD NH3 0.12 μM - 11

N-4, N-12, and N-18 TEA 2.23 μM - 12

Tb-BTC DEA 2 μM - 13
Tb-TDPAT OPD greater than 7.5 

μM
- 14

Mn-HCPCP@H4TBAPy OPD 1.24 μM - 15
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