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1. Materials and apparatus

All the used reagents are of analytical grade. Methanol (MeOH), ethanol (EtOH), 

n-butyl alcohol (n-BuOH), dimethylsulfoxide (DMSO), dichloromethane (CH2Cl2), 

ethyl acetate (EA), tetrahydrofuran (THF), dioxane, and n-hexane (n-hex) were 

purchased from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China), which were 

further dried with 4 Å molecular sieves for 24 h before use. Zinc nitrate hexahydrate 

(Zn(NO3)2·6H2O, 98%), 2-methylimidazole (MIM, 98%) and acetonitrile-d3 (CD3CN, 

≥ 99.8 atom %D) were bought from Sigma-Aldrich (Shanghai, China). Lithium 

chloride (LiCl), potassium acetate (CH3COOK), magnesium chloride hexahydrate 

(MgCl2·6H2O), potassium carbonate crystal (K2CO3·2H2O), sodium bromide (NaBr) 

with purity over 99.0% were obtained from Aladdin (Shanghai, China). CO2, N2, CO, 

H2, CH4, O2, C2H6, C2H4, and C2H2 were provided by Guangzhou Xizhou Gas Co., Ltd. 

(Guangzhou, China). Ultrapure water (18.2 M Ω•cm) was prepared by Milli-Q water 

purification system (Millipore, Bedford, MA, USA). Neomangiferin (purity > 98%) 

was provided by Chengdu Purechem-standard Co., Ltd. (Chengdu, China).

UV-vis spectra were collected on UV-2600 UV-vis spectrophotometer (Shimadzu, 

Japan). Fluorescence spectra were recorded by Perkin-Elmer LS-55 luminescence 

spectrometer (PerkinElmer, USA). Fluorescent signal was recorded under an excitation 

wavelength at 348 nm, and the spectra were collected between 400–700 nm. Excitation 

slit and emission slit were set at 10.0 and 15.0 nm. Differential scanning calorimetry-

thermogravimetric (DSC-TGA) analysis (heating rate, 10 °C min–1) was performed on 

SDT Q600 V7.0 Build 84 thermal analyzer (TA Instruments, USA). Fourier transform 

infrared spectroscopy (FT-IR) were measured by Spectrum Two (PerkinElmer Ltd., 

USA). Brunauer-Emmett-Teller (BET) specific surface area and pore volume were 

tested by N2 adsorption-desorption experiments on Kubo X1000 (Beijing BUILDER 



electronic technology CO., Ltd, China). Scanning electron microscopy (SEM) images 

were taken by JSM-7610FPlus field-emission scanning electron microscope (JEOL, 

Japan). Power X-ray powder diffraction (PXRD) characterizations were conducted with 

SMART APEXII (Bruker, Germany). X-ray photoelectron spectroscopy (XPS) 

detection was carried out on Thermo Scientific K-Alpha (Thermo Fisher Scientific, 

USA). Fluorescence lifetimes and absolute quantum yield of neomangiferin-ZIF-8 in 

different solvents were confirmed by FLS1000 Photoluminescence Spectrometer 

(Edinburgh Instruments, England). The acid site of neomangiferin-ZIF-8 was measured 

through CD3CN adsorption following with FT-IR on a Thermo Fisher Nicolet iS50 

(Thermo Fisher Scientific, USA).



Table S1. Reported MOF-based fluorescent sensors for H2O detection.

NO. Sensora Linear rangeb 
(%, v/v)

LOD 
(%, v/v)

Response
time

Solvatochromism Reversible 
RH sensing

Sensing mechanismd Ref.

1 Eu3+@UiO-66-NH2 EtOH, 0.0–2.0
DMF, 0.0–2.0

0.088
0.054

10 min No –c Water quenching effect on Eu3+ 1

2 Eu-DPA/PTA-NH2 EtOH, 0.0−100.0 0.01 20 s No – (1) ICT effect of ligands
(2) Water quenching effect on Eu3+

2

3 R6G@Eu-MOF DMSO, 0−4.0
DMF, 0.0−12.4
ACN, 0.0−10.0
THF, 0.0−1.8
MeOH, 0.0−3.5
EtOH, 0.0−1.0
IPA, 0.0−0.8
n-BuOH, 0−0.4

0.046
0.085
0.094
0.032
0.032
0.028
0.016
0.021

70 s No – (1) Water induced release of R6G
(2) Water quenching effect on Eu3+

3

4 [Eu(atpt)1.5(H2O)]n DMF, 0.05−6.0 0.02 – Yes – ICT of ligand 4

5 Eu-MOF THF, 0.000−0.075 0.0003 < 30 s No Yes Water quenching effect on Eu3+ 5
6 Eu-MOFs/CDs EtOH, 0.05−4.0 0.03 – No – (1) Water quenching effect on Eu3+

(2) Aggregation-induced quenching of CDs
6

7 Ru@MIL–NH2 EtOH, 0.0−100.0 0.02 10 s No – Protonation of ligand 7
8 Zr-MOF – – 24 h Yes – Water induced ligand twisting 8
9 Zn-MOF MeOH, 0.0–1.3%

EtOH, 0.0–0.7%
Acetone,0.00–0.25%
ACN, 0.00–0.15%

– ~2 s No Yes ESIPT of ligand 9



THF, 0.00–0.40%
DMF, 0.00–1.33%

10 Mg-MOF – – 1–2 min Yes – Higher affinity of water with MOF 10

11 QG-loaded MOF EtOH, 0.05−6.0
DMF, 0.10−9.5

0.015
0.03

– No – Framework collapse 11

12 Mn-MOF DMSO, 0.0−10.0
MeOH, 0.0−2.5
EtOH, 0.0−7.5
IPA, 0.05−5.0
Acetone, 0.05−2.5
DMF, 0.0−6.25

0.04
0.11
0.16
0.05
0.09
0.18

2 min No – (1) Water-induced ligand exchange
(2) Framework collapse

12

13 AIEgen-MOF – – 24 h No Yes AIE 13
14 Neomangiferin-

ZIF-8
Dioxane, 0.05−5.00
THF, 0.05−3.00
DMSO, 0.50−40.00
EtOH, 0.50−20.00
MeOH, 0.50−10.00

0.01
0.02
0.27
0.30
0.21

8 s Yes Yes LLCT This 
work

aEu-DPA/PTA-NH2, Eu-dipicolinic acid/2-aminophthalic acid; R6G@Eu-MOF, Rhodamine 6G@[Eu-(1,4-terephthalic acid)1.5(1,10-phenanthroline)(H2O)]n MOF; 
atpt, 2-aminoterephthalic acid; CDs, carbon dots; QG, Q-graphene; AIE, aggregation induced enhancement; 
bDMF, Dimethyl formamide; ACN, acetonitrile; IPA, isopropanol;
cNot mentioned;
dICT, Intramolecular charge transfer.  
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Fig. S1. Scheme (A) and photographs (B) of lab-made device for RH sensing. 

Fig. S2. SEM image of ZIF-8 (Inset is the corresponding particle size distribution 

diagram).
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Fig. S3. (A) Nitrogen adsorption-desorption isotherms of neomangiferin-ZIF-8 and 

ZIF-8; (B) FT-IR spectra of neomangiferin-ZIF-8 and ZIF-8 before and after CD3CN 

absorption.
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Fig. S4. Full scan XPS spectra of ZIF-8 (A), neomangiferin (B), and neomangiferin-

ZIF-8 (C) and high resolution XPS spectra of O1s for ZIF-8 (D), neomangiferin (E), 

and neomangiferin-ZIF-8 (F).
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For ZIF-8, C1s, N1s, O1s, and Zn2p are located at 284.7, 398.8, 531.6, and 1021.8 



eV with atomic percentages of 65.2%, 21.1%, 4.3% and 9.4%.

For neomangiferin, C1s, and O1s are located at 285.8 and 532.3 eV with atomic 

percentages of 63.2% and 36.8%.

For neomangiferin-ZIF-8, C1s, N1s, O1s, and Zn2p are located at 284.6, 398.8, 

531.6, and 1021.6 eV with atomic percentages of 67.8%, 18.9%, 4.5% and 8.8%. 

Fig. S5. DSC-TGA curves of neomangiferin-ZIF-8 (A) and ZIF-8 (B).
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Fig. S6. PXRD patterns of neomangiferin-ZIF-8 before and after sensing in H2O, 

MeOH, EtOH, n-BuOH, CH2Cl2, EA, THF, dioxane, and n-hex for 12 h, DMSO for 6 

h.
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Fig. S7. (A) Fluorescence intensity of neomangiferin-ZIF-8 (1.0 mg/mL) in NaCl 

solution with different concentrations (c(NaCl), 01.0 M); (B) Fluorescence intensity of 

neomangiferin-ZIF-8 storage for 4 weeks at vacuum dryer (being measured at a 

concentration of 1.0 mg/mL).
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Fig. S8. The excitation and emission spectra of ZIF-8 (A), neomangiferin (B), 

neomangiferin +Zn2+ (C), neomangiferin + MIM (D), and neomangiferin + ZIF-8 (E) 

(Insets in a and b are the photographs of ZIF-8 and neomangiferin under 365 nm UV 

light illumination). 
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Emission peaks at 430 and 550 nm are for neomangiferin monomer and dimer. The Em 

for addition of Zn2+ are obviously different from those of neomangiferin or 

neomangiferin-ZIF-8. And the addition of MIM or ZIF-8 seldom changes the maximum 

emission peaks of neomangiferin.



Fig. S9. The liner relationships between emission peak and  of solvents by 𝐸𝑁
𝑇

neomangiferin-ZIF-8 synthesized with different molar ratios of Zn2+/MIM.
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Neomangiferin (4.0 mg) was mixed with Zn(NO3)2·6H2O solution (30.0 mM in 

20.0 mL of MeOH), and dispersed for 10 min. Next, 20.0 mL of MIM (90.0, 150, 210, 

or 270 mM in MeOH) was added slowly under stirring. Reaction was carried out at 

room temperature for 24 h. The molar ratios of Zn2+/MIM were 1:3, 1:5, 1:7 or 1:9. 

Obviously, neomangiferin-ZIF-8 with Zn2+/MIM molar ratio at 1:3 presents the best 

solvatochromic behavior. At this reaction system, the final concentrations for Zn2+, 

MIM, and neomangiferin were 15.0 mM, 45 mM, and 100 μg/mL. The emission peak 

neomangiferin-ZIF-8 (1:3) increases with the increased polarity indicator value ( ) of 𝐸𝑁
𝑇

solvents with the highest slop (k, 51.3) and the best linear correlation (R2, 0.94).

Fig. S10. Photographs of solvent-free neomangiferin-ZIF-8 before (A) and after adding 

2 μL of EtOH (B) under 365 nm UV illumination. 



Fig. S11. Normalized fluorescence spectra of neomangiferin (A), ZIF-8 (C) and post-

encapsulation neomangiferin@ZIF-8 (E) in different solvents; and the liner 

relationships between emission peak of neomangiferin (B), ZIF-8 (D) and post-

encapsulation neomangiferin@ZIF-8 (F) and  of solvents.𝐸𝑁
𝑇
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The post-encapsulation of neomangiferin@ZIF-8 was synthesized by mixing the 

ZIF-8 and neomangiferin (4.0 mg) into 40.0 mL methanol, and stirring under room 



temperature for 24 h. Then the product was washed with MeOH for 10 times, dried, 

and stored in vacuum for further use.

Neomangiferin is insoluble in n-hex, thus the date in n-hex was not shown. It can 

be observed from the results (Fig. S11AB) that neomangiferin is insensitive to the 

solvent polarity. Solvents can directly react with framework or exchange with 

coordinated ligands to influence the luminescent property of LMOFs. However, for 

ZIF-8 and post-encapsulation neomangiferin@ZIF-8, the small slopes (13.9 for ZIF-8 

and 6.6 for post-encapsulation neomangiferin@ZIF-8) of fitted linear between Em and 

 and the poor linearly dependent coefficients (0.48 for ZIF-8 and 0.04 for post-𝐸𝑁
𝑇

encapsulation neomangiferin@ZIF-8) imply that their emission peak is almost stable in 

solvents with different polarity (Fig. S11CF).

Fig. S12. UV-vis spectra (A) and fluorescence spectra (B, detection voltage at 700 V) 

of neomangiferin-ZIF-8 in different solvents.
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Fig. S13. Fluorescence lifetime decay curve for neomangiferin-ZIF-8 in H2O.
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Fig. S14. The F/F0 value of neomangiferin-ZIF-8 under different incubation time in 

dioxane with 2.00% (v/v) of water (A) and in EtOH with 3.00% (v/v) of water (B).
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Fig. S15. Fluorescent spectra of neomangiferin-ZIF-8 dispersed in THF (A), DMSO 

(C), and MeOH (E) with different water contents; Fitting curve between F/F0 and water 

content (v/v, %) in THF (B), DMSO (D), and MeOH (F).
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Fig. S16. (A) Fluorescent intensity of neomangiferin-ZIF-8 in CO2, N2, CO, H2, CH4, 

O2, C2H6, C2H4, C2H2, under vacuum and RH of 43.2%; (B) Reversible emission peak 

change and fluorescent photographs of neomangiferin-ZIF-8 between vacuum and 

43.2% RH.
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Fig. S17. PXRD patterns of neomangiferin-ZIF-8 before and after sensing of RH 

(43.2%) for six cycles.
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