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1. Experimental

1.1 Materials and characterization methods

All reagents and solvents used in synthetic studies are commercially available and 

were used as supplied without further purification. Powder X-ray diffraction (PXRD) 

was carried out with a PANalytical X'Pert3 powder diffractometer equipped with a Cu 

sealed tube (λ = 1.541874 Å) at 40 kV and 40 mA over the 2θ range of 5-30o. The 

simulated pattern was produced using the Mercury V1.4 program and single-crystal 

diffraction data. Elemental analyses (C, H, S and N) were performed on a Perkin-Elmer 

240C analyzer. FT-IR spectra of the synthesized complexes were carried out on a 

Nicolet 5700 FT-IR spectrometer as KBr pellets. Thermal analysis was carried out on 

a METTLER TGA/SDTA 851 thermal analyzer from 30 to 600 oC at a heating rate of 

10 oC min-1 under N2 flow. Excitation and emission spectra of the samples were 

recorded on Edinburgh FL980 spectrophotometer. X-ray photoelectron spectroscopy 

(XPS) was performed on the Thermo Scientific ESCALab 250Xi using 200 W 

monochromated Al Kα radiation. The 500 µm X-ray spot was used for XPS analysis. 

Typically the hydrocarbon C1s line at 284.8 eV from adventitious carbon is used for 

energy referencing. UV-visible study was performed with a Shimadzu 

spectrophotometer (UV-2600i).

 1.2 Synthesis and characterization of {[(Me2NH2)1.25(H3O)4.25Na1.5Eu2(μ2-

OH)(H2O)(SIP)4]•(DMA)·7.5H2O·0.5CH3OH}n (FUT-2-Eu)

NaH2SIP (0.134 g, 0.05 mmol) and Eu(NO3)3 (0.044g, 0.1 mmol) were dissolved 

in mixed solution of DMA (4 mL),H2O (2 mL), and CH3OH (4 mL). The above mixture 

was transferred into a Teflon-lined stainless steel autoclave (20 mL) and heated at 120 
oC for 48 h. After being cooling to room temperature slowly, the colorless block crystals 

of FUT-2-Eu were obtained and washed with fresh DMA (yield: 36% based on 

NaH2SIP). IR (KBr, cm-1): 3436 (s), 3423 (s, br), 1609 (s), 1551 (s), 1450 (s), 1388 (s), 

1174 (m), 1048 (s), 782 (w), 721 (s), 675 (w), 627 (s), 583 (w). Elemental analysis calcd 

(%) for C39H63.75N2.25O43.25Na1.5S4Eu2: C, 27.19; H, 3.73; N, 1.83; S, 7.44; Found: 

C,27.91; H, 3.68; N, 1.83; S,7.10.
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1.3 Synthesis and characterization of {[(Me2NH2)1.25(H3O)4.25Na1.5Sm2(μ2-

OH)(H2O)(SIP)4]•0.7(DMA)·5.5H2O·3CH3OH}n (FUT-2-Sm)

 NaH2SIP (0.268 g, 1 mmol) and Sm(NO3)3 (0.065g, 0.2 mmol) were dissolved in 

mixed solution of DMA (4 mL), H2O (2 mL), and CH3OH (4 mL). The above mixture 

was transferred into a Teflon-lined stainless steel autoclave (20 mL) and heated at 120 
oC for 24 h. After being cooling to room temperature slowly, the colorless block crystals 

of FUT-2-Sm were obtained and washed with fresh DMA (yield: 30% based on 

NaH2SIP). IR (KBr, cm-1): 3737 (s), 3399 (s, br), 1609 (s), 1548 (s), 1442 (m), 1375 

(s), 1182 (s), 1103 (m), 1048 (s), 885 (w), 781 (m), 724 (s), 681 (w), 627 (s), 525 (w). 

Elemental analysis calcd (%) for C40.3H67.05N1.95O43.45Na1.5S4Sm2: C, 27,86; H, 3.89; N, 

1.57; S, 7.38; Found: C,28.09; H, 3.74; N, 1.57; S,7.04.

1.4 Single-crystal X-ray diffraction

Data collection and structural analysis of FUT-2-Eu and FUT-2-Sm were 

performed on an Agilent Technologies SuperNova single crystal diffractometer 

equipped with graphite monochromatic Cu Ka radiation (λ = 1.54184Å). The crystal 

was kept at 150K and 299 K and during data collection, respectively. Using Olex21, the 

structure was solved with the Superflip2 structure solution program using charge 

flipping and refined with the ShelXL3 refinement package using least squares 

minimization. All nonhydrogen atoms were refined with anisotropic displacement 

parameters. The hydrogen atoms on the ligands were placed at idealized positions and 

refined using a riding model. We employed PLATON4 and SQUEEZE5 to calculate the 

diffraction contribution of the solvent molecules and thereby produce a set of solvent-

free diffraction intensities. The detailed crystallographic data and structure refinement 

parameters for these compounds are summarized in Table S2-S3 (CCDC: 2340669-

2340670)

1.5 Proton conductivity measurement

The alternating-current (AC) impedance measurement procedure was similar to 

our perviously reported6-7. Firstly, the as-synthesized sample was finely ground to a 

powder and compressed into a homemade cylindrical closed glass container with an 

inner diameter of 0.4 cm. The sample thickness of 3.67 and 4.16 cm, respectively, for 
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FUT-2-Eu and FUT-2-Sm was measured using a vernier caliper. AC impedance 

measurements were carried out using a two-probe method with stainless steel-pressed 

electrodes in a Solartron SI 1260 Impedance/Gain-Phase Analyzer and 1296 Dielectric 

Interface Impedance Analyzer over the frequency range of 100 Hz to 1 MHz and the 

temperature range from subzero to 90 oC with an input voltage of 100 mV. 

Measurements were performed at thermal equilibrium by holding for 30 minutes at each 

measuring temperature. Proton conductivity was calculated using the following 

equation:

                        (1)= l
SR



Where l and S are the length (cm) and cross-sectional area (cm2) of the samples, 

respectively, and R, which was extracted directly from the impedance plots, is the bulk 

resistance of the sample (Ω). Activation energy (Ea) for the material conductivity was 

estimated from the following equation:

               (2)0= exp( )a

B

ET
k T

  

Where σ is the proton conductivity, σ0 is the preexponential factor, kB is the 

Boltzmann constant, and T is the temperature. 

     (3)
ZView software was used to extrapolate impedance data results by means of an 

equivalent circuit simulation (3) to complete the Nyquist plot and obtain the resistance 

values.

1.6 Luminescent measurements

The well-ground FUT-2-Eu (10 mg) samples were separately soaked in 5 mL of 

1×10-3 mol/L M(NO3)x (M = Al3+, Cd2+, Co2+, Cu2+, K+, Mn2+, Na+, Ni2+, Zn2+, 

Fe3+) DMA solutions and ultrasonicated for 3 h to form a stable and uniformly 

dispersed suspension. The corresponding fluorescence emission spectra recorded by 

Edinburgh FL980 spectrophotometer. The strongest emission wavelengths for FUT-2-
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Eu were located at 616 nm when excited at 299 nm. The luminescence decay 

experiments (lifetimes) were performed on an Edinburgh Analytical instrument 

FLS1000 equipped with an OPO laser. The absolute PL quantum yields of power 

samples were measured by FLS1000 equipped with an integrating sphere.

Detection limit of Fe3+ was determined according to the following definitions:

(1)

𝛿 =

𝑛

∑
𝑖 = 1

(𝑥𝑖 ‒ �̅�)2

𝑛 ‒ 1

     

(2)
𝑘 =

∆𝐼
∆𝐶

                      

(3)
𝐷𝐿 =

3𝛿
𝑘

                  

Where δ is the standard deviation of 10 replicated emission intensities for 

the blank sample; where △I and △c represent the variation of the luminescence 

intensity and the concentration before and after adding Fe3+, respectively, the 

value of slope k was calculated. Finally the detection limit, DL, was calculated 

according to Function 3.

1.7 Grand Canonical Monte Carlo (GCMC) Simulations
The charges of FUT-2-Eu was determined by the population analysis using the 

Qeq in MaterialsStudio (Accelrys, Materials Studio Getting Started, release 5.0, 

Accelrys Software, Inc, San Diego, CA, 2009) 8. The GCMC simulations were 

performed using the Materials Studio’ Sorption modules to calculate the energy 

distribution and density distribution of Fe3+ adsorbed on the FUT-2-Eu. A 2×2×2 

crystallographic unit cell was used for GCMC simulation. The rigid framework 

assumption was used in all simulations. 

In addition, the simulations were also carried out at 296 K, adopting the locate 

task. Metropolis method in Sorption module and the universal forcefield (UFF). The 

cutoff radius was chosen as 18.5 Å for the LJ potential and the long-range electrostatic 
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interactions were handled using the Ewald summation method. The loading steps and 

the equilibration steps were 1×106, the production steps were 1×107.
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Table S1 Crystal data and refinement results for the as-synthesized samples.

Identification code FUT-2-Eu FUT-2-Sm

Empirical formula C39H63.75N2.25O43.25Na1.5S4Eu2 C40.3H67.05N1.95O43.45Na1.5S4Sm2

Formula weight 1722.84 1737.56

Temperature/K 150.00(10) 299.58(10)

Crystal system monoclinic monoclinic

Space group C2/c C2/c

a/Å 24.1324(3) 24.1627(12)

b/Å 27.9543(5) 28.0873(12)

c/Å 22.9415(4) 22.9131(7)

α/° 90 90

β/° 97.7240(10) 98.693(4)

γ/° 90 90

V/Å3 15336.0(4) 15371.7(11)

Z 8 8

ρcalcg/cm3 1.179 1.167

μ/mm-1 13.245 12.998

F(000) 5284.0 5244.0

Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184)

Data/restraints/parameters 13532/325/669 13708/372/690

Goodness-of-fit on F2 1.098 1.082

Final R indexes [I>=2σ 

(I)]a

R1 = 0.0859,

wR2 = 0.2376

R1 = 0.0863,

wR2 = 0.2382

Final R indexes [all data]a R1 = 0.1016,

wR2 = 0.2542

R1 = 0.0990,

wR2 = 0.2496

aR1 = ∑(|Fo| - |Fc|) / ∑|Fo| , bwR2 = [∑w(Fo
2–Fc

2)2/ ∑w(Fo
2)2]0.5
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Table S2 Selected bond lengths and bond angle for FUT-2-Eu.

Atom-Atom Length/Å Atom-Atom Length/Å

Eu1- O201 2.610(6) Eu1- O42 2.512(6)
Eu1- O1 2.297(6) Eu1- O223 2.690(6)
Eu1- O32 2.465(6) Eu1-O233 2.472(6)
Eu1- O8 2.345(7) Eu1- O191 2.438(6)

Eu1- O143 2.334(7) Eu2-O313 2.345(6)
Eu2-O16 2.570(6) Eu2-O22 2.442(7)
Eu2- O15 2.407(7) Eu2-O271 2.472(7)
Eu2-O13 2.333(7) Eu2-O281 2.445(6)
Eu2- O23 2.325(6) O31-Eu23 2.345(6)
O31-Na2 2.412(6) O12-Na13 2.374(7)
O12 -Na2 2.513(7) O16-Na23 2.770(6)
O20-Eu11 2.610(6) O20-Na11 2.536(7)
O4-Eu12 2.512(6) O22-Eu13 2.690(6)

O3- Eu12 2.465(6) O23-Eu13 2.472(6)
O27-Eu21 2.472(7) O28-Eu21 2.445(6)
O28-Eu21 2.520(7) O10-Na1 O10 Na1
O19-Eu11 2.438(6) O14-Eu13 2.334(7)
Na1-O123 2.374(7) Na1-O201 2.536(7)
Na1-O21 2.393(7) Na1-O211 2.438(7)

Na1-O10W 2.430(9) Na2-O315 2.412(6)
Na2-O125 2.513(7) Na2-O163 2.770(6)
Na2-O164 2.770(6) Na2-O283 2.520(7)
Na2-O284 2.520(7) O21-Na11 2.438(7)
O2-Eu23 2.325(6)

Atom-Atom-Atom Angle/˚ Atom-Atom-Atom Angle/˚

O201-Eu1-O222 133.48(19) O1-Eu1-O201 128.0(2)
O1-Eu1- O43 71.5(2) O1- Eu1- O222 73.5(2)
O1-Eu1-O33 124.1(2) O1- Eu1- O232 83.9(3)
O1- Eu1- O8 148.6(2) O1- Eu1- O191 80.1(2)

O1- Eu1- O142 83.3(3) O43 -Eu1-O201 108.5(2)
O43 -Eu1 -O222 117.85(19) O33- Eu1- O201 73.1(2)
O33 -Eu1 -O43 52.8(2) O33- Eu1- O222 134.0(2)
O33 -Eu1-O232 86.8(2) O232-Eu1 -O201 147.9(2)
O232-Eu1-O43 76.1(2) O232-Eu1-O222 50.4(2)
O8-Eu1-O201 77.7(2) O8-Eu1-O43 121.8(2)
O8-Eu1-O222 75.2(2) O8-Eu1-O33 77.0(2)
O8-Eu1-O232 73.5(3) O8-Eu1-O191 129.0(2)

O191-Eu1-O201 51.7(2) O191-Eu1-O43 76.2(2)
O191-Eu1-O222 142.9(2) O191-Eu1-O33 82.6(2)
O191-Eu1-O232 151.2(2) O142-Eu1-O201 72.5(2)
O142-Eu1-O43 148.6(2) O142-Eu1-O222 70.2(2)
O142-Eu1-O33 144.9(2) O142-Eu1-O232 120.5(2)
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O142-Eu1-O8 89.5(2) O142-Eu1-O191 81.3(3)
O312-Eu2-O16 74.7(2) O312-Eu2-O22 78.8(2)
O312-Eu2 -O15 127.3(2) O312-Eu2-O271 114.9(2)
O312-Eu2-O281 77.1(2) O22-Eu2-O16 153.5(2)
O22-Eu2- O271 76.9(2) O22-Eu2-O281 103.8(2)
O15-Eu2- O16 52.7(2) O15-Eu2-O22 153.8(2)
O15-Eu2- O271 88.0(3) O15-Eu2-O281 82.7(2)
O 271-Eu2-O16 115.4(2) O13-Eu2-O312 80.8(2)
O13-Eu2- O16 80.0(2) O13-Eu2-O22 94.9(2)
O13-Eu2- O15 92.2(3) O13-Eu2-O271 159.8(2)
O13-Eu2- O281 147.5(2) O281-Eu2-O16 71.4(2)
O281-Eu2-O271 52.5(2) O22-Eu2-O312 155.7(2)
O22-Eu2- O16 121.7(2) O22-Eu2-O22 83.2(2)
O22-Eu2- O15 72.3(2) O22-Eu2-O271 76.1(2)
O22-Eu2- O13 84.7(2) O22-Eu2-O281 123.4(2)

O122-Na1-O201 95.4(2) O122-Na1-O21 86.4(2)
O122-Na1-O211 82.5(2) O122-Na1-O10W 167.1(3)
O10-Na1-O122 107.2(2) O10-Na1-O201 93.2(2)
O10-Na1-O211 80.6(3) O10-Na1-O21 155.4(3)

O10-Na1-O10W 84.9(3) O211-Na1-O201 172.5(2)
O21-Na1-O201 106.2(2) O21-Na1-O211 80.9(2)

O21-Na1-O10W 84.0(3) O10W-Na1-O201 79.3(3)
O10W-Na1-O211 104.3(3) O31-Na2-O315 156.0(4)

O31-Na2-O12 53.81(18) O31-Na2-O125 145.9(2)
O315-Na2-O125 53.81(19) O315-Na2-O12 145.9(2)
O315-Na2-O162 116.61(19) O315-Na2-O164 70.01(19)
O31- Na2-O162 70.01(19) O31-Na2-O164 116.61(19)
O31- Na2-O284 74.5(2) O31-Na2-O282 86.8(2)
O315-Na2-O284 86.8(2) O315-Na2-O282 74.5(2)
O125-Na2-O12 110.5(3) O12-Na2-O162 84.4(2)
O12-Na2-O164 78.91(19) O125-Na2-O164 84.4(2)
O125-Na2-O162 78.91(19) O12-Na2-O284 127.2(2)
O12-Na2-O282 106.3(2) O125-Na2-O284 106.3(2)
O125-Na2-O282 127.2(2) O284-Na2-O162 67.0(2)
O282-Na2-O162 141.9(3) O282-Na2-O164 67.0(2)
O284-Na2-O164 141.9(3) O282-Na2-O284 78.0(4)

11-X,+Y,1/2-Z; 21-X,1-Y,1-Z; 33/2-X,1/2-Y,1-Z; 4+X,1-Y,1/2+Z; 51-X,+Y,3/2-Z
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Table S3 Selected bond lengths and bond angle for FUT-2-Sm.

Atom-Atom Length/Å Atom-Atom Length/Å

Sm1-O22 2.327(8) Sm1-O41 2.372(6)
Sm1-O15 2.583(6) Sm1-O282 2.471(6)
Sm1-O26 2.474(7) Sm1-O27 2.460(6)
Sm1-O14 2.416(8) Sm1-O6 2.368(7)
Sm2-O133 2.635(7) Sm2-O204 2.516(7)
Sm2-O194 2.501(8) Sm2-O282 2.688(6)
Sm2-O292 2.499(7) Sm2-O21 2.328(9)
Sm2-O21 2.371(8) Sm2-O123 2.428(8)
Sm2-O7 2.371(7) Na2-O45 2.416(6)
Na2-O4 2.416(6) Na2-O153 2.812(8)

Na2-O151 2.812(8) Na2-O5 2.525(7)
Na2-O55 2.525(7) Na2-O273 2.508(8)
Na2-O271 2.508(8) Na1-O133 2.505(8)
Na1-O5 2.360(8) Na1-O8 2.413(8)
Na1-O85 2.464(9) Na1-O11 2.437(11)

Na1-O1W 2.419(10) O4-Sm11 2.372(6)
O13-Sm26 2.635(7) O13-Na16 2.505(8)

O15-Na21 2.812(8) O20-Sm24 2.516(7)
O19-Sm24 2.501(8) O28-Sm12 2.471(6)

O28-Sm22 2.688(6) O29-Sm22 2.499(7)
O8-Na15 2.464(9) O27-Na21 2.508(8)
O2-Sm21 2.371(8) O1-Na11 2.437(11)
O12-Sm26 2.428(8)

Atom-Atom-Atom Angle/˚ Atom-Atom-Atom Angle/˚

O22-Sm1-O15 122.9(3) O22-Sm1-O282 82.7(3)
O22-Sm1-O41 155.3(2) O22-Sm1-O26 76.3(3)
O22-Sm1-O27 123.6(3) O22-Sm1-O14 72.8(3)
O22-Sm1-O6 85.2(3) O41-Sm1-O15 74.6(2)

O41-Sm1-O282 79.0(2) O41-Sm1-O26 115.0(2)
O41-Sm1-O27 77.2(2) O41-Sm1-O14 126.9(2)
O282-Sm1-O15 153.6(2) O282-Sm1-O26 77.2(2)
O26-Sm1-O15 115.4(2) O27-Sm1-O15 71.6(2)
O27-Sm1-O282 104.0(2) O27-Sm1-O26 52.3(2)
O14-Sm1-O15 52.3(2) O14-Sm1-O282 154.1(2)
O14-Sm1-O26 88.7(3) O14-Sm1-O27 83.3(3)
O6-Sm1-O41 80.1(3) O6-Sm1-O15 79.1(2)

O6-Sm1-O282 95.1(2) O6-Sm1-O26 160.7(3)
O6-Sm1-O27 146.7(3) O6-Sm1-O14 91.2(3)

O133-Sm2-O282 135.0(2) O204-Sm2-O133 107.1(3)
O204-Sm2-O282 117.7(2) O194-Sm2-O133 72.8(3)
O194-Sm2-O204 52.5(3) O194-Sm2-O282 133.5(3)
O292-Sm2-O133 148.1(3) O292-Sm2-O204 77.2(3)
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O292-Sm2-O194 87.0(3) O292-Sm2-O282 49.4(2)
O21-Sm2-O133 127.7(3) O21-Sm2-O204 72.1(3)
O21-Sm2-O194 124.4(3) O21-Sm2-O282 72.9(3)
O21-Sm2-O292 84.0(3) O21-Sm2-O21 149.3(3)
O21-Sm2-O123 80.2(3) O21-Sm2-O7 83.4(3)
O21-Sm2-O133 77.5(3) O21-Sm2-O204 121.3(3)
O21-Sm2-O194 76.0(3) O21-Sm2-O282 76.6(2)
O21-Sm2-O292 73.7(3) O21-Sm2-O123 128.0(3)
O21-Sm2-O7 89.5(3) O123-Sm2-O133 50.6(2)

O123-Sm2-O204 77.0(3) O123-Sm2-O194 83.9(3)
O123-Sm2-O282 142.0(3) O123-Sm2-O292 152.8(3)
O7-Sm2-O133 72.9(3) O7-Sm2-O204 148.9(3)
O7-Sm2-O194 144.8(3) O7-Sm2-O282 70.7(3)
O7-Sm2-O292 119.8(3) O7-Sm2-O123 80.2(3)
O4-Na2-O45 158.7(4) O4-Na2-O153 116.3(2)

O45-Na2-O153 69.8(2) O4-Na2-O151 69.8(2)
O45-Na2-O151 116.3(2) O4-Na2-O5 53.0(2)
O45-Na2-O55 53.0(2) O45-Na2-O5 144.7(3)
O4-Na2-O55 144.7(3) O4-Na2-O273 88.0(2)

O45-Na2-O273 75.5(2) O45-Na2-O271 88.0(2)
O4-Na2-O271 75.5(2) O153-Na2-O151 149.3(4)
O55-Na2-O151 78.7(2) O5-Na2-O151 83.6(2)
O5-Na2-O153 78.7(2) O55-Na2-O153 83.6(2)
O5-Na2-O55 109.1(4) O271-Na2-O151 67.1(2)

O271-Na2-O153 142.9(3) O273-Na2-O151 142.9(3)
O273-Na2-O153 67.1(2) O271-Na2-O5 127.3(2)
O271-Na2-O55 106.8(2) O273-Na2-O5 106.8(2)
O273-Na2-O55 127.3(2) O271-Na2-O273 79.0(4)
O5-Na1-O133 98.4(3) O5-Na1-O85 81.3(3)

O5-Na1-O8 87.2(3) O5-Na1-O11 107.1(3)
O5-Na1-O1W 173.8(4) O85-Na1-O133 172.7(3)
O8-Na1-O133 106.1(3) O8-Na1-O85 81.3(3)
O8-Na1-O11 151.5(3) O8-Na1-O1W 87.3(3)

O11-Na1-O133 96.2(3) O11-Na1-O85 76.9(3)
O1W-Na1-O133 80.2(3) O1W-Na1-O85 100.8(3)
O1W-Na1-O11 79.1(4)

11-X,1-Y,1-Z; 21-X,+Y,1/2-Z; 3+X,1-Y,1/2+Z; 41/2-X,1/2-Y,1-Z; 51-X,+Y,3/2-Z; 6+X,1-Y,-1/2+Z



S12

Fig. S1. The asymmetric unit of FUT-2-Eu.

Fig. S2. Four crystallographic independent SIP3- ligands exhibit three different coordination modes 
in FUT-2-Eu.
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Fig. S3. Perspective views of the coordination environments of the metalloring cluster organic cage 
in FUT-2-Eu.

Fig. S4. Powder X-ray diffraction patterns of simulated, as-synthesized, after AC impedance 
measurements and after crushing of FUT-2-Eu (a) and FUT-2-Sm (b), indicate its purity as well as 
stability under after AC impedance measurements.
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Fig. S5. TGA curves of FUT-2-Eu and FUT-2-Sm. The results suggest that almost all of the guest 
molecules were removed below ∼234 °C, and no further weight loss was observed until 430 and 
465 °C, respectively.

Fig. S6. IR spectra of FUT-2-Eu and FUT-2-Sm.
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Fig. S7 Nyquist plots of FUT-2-Sm at 70 oC under non-humidified conditions (scatters represent 
experimental data, and lines do fitting data from equivalent circuits).

Fig. S8 Nyquist plots of FUT-2-Eu at 100 oC under non-humidified conditions (scatters represent 
experimental data, and lines do fitting data from equivalent circuits).
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Fig. S9 DSC curve of FUT-2-Eu. The measurement was range from -40 to 100 oC, which doesn’t 
present a clear peak, suggesting that no phase transition occurred in the framework.

Fig. S10 DSC curve of FUT-2-Sm. The measurement was range from -40 to 70 oC, which doesn’t 
present a clear peak, suggesting that no phase transition occurred in the framework.
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Fig. S11 View of the possible proton transport in the FUT-2-Eu.

Fig. S12 View of the possible proton transport in the FUT-2-Sm.
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Fig. S13. Fluorescence decay curves of FUT-2-Eu measured at room temperature.

Fig. S14. The luminescence spectra of FUT-2-Eu in DMA solution. The inset shows the 
corresponding picture before and after 365 nm ultraviolet light irradiation.
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Fig. S15. The powder X-ray diffraction patterns of FUT-2-Eu after immersing in DMA solution 
containing 1mM of several metal ions for 12 hours.

Fig. S16. The Photos of FUT-2-Eu soaked in Fe3+ solution and washed with DMA solution.
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Fig. S17. (a) XPS spectra for Fe3+@FUT-2-Eu and FUT-2-Eu. (b) XPS spectra of O1s for 
Fe3+@FUT-2-Eu and FUT-2-Eu.

Fig. S18. Solid line: UV-Vis spectra of DMA solutions containing 10-3 M M(NO3)x (M = Al3+, Cd2+, 
Co2+, Cu2+, Fe3+, K+, Mn2+, Na+, Ni2+, Zn2+); Dotted line: Excitation spectra of dispersed 10 mg 
FUT-2-Eu in 5mL DMA solutions.
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Fig. S19. The ellipsoid plot of FUT-2-Eu.

Fig. S20. The ellipsoid plot of FUT-2-Sm.
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Table S4 Compare the proton conductivity of FUT-2-Eu with that of other sulfonic acid-
carboxylate MOFs.

Compounds Proton 
Conductivity (S 

cm-1)

conditions Working
Temperatur

e
Range (°C)

Ref

FUT-2-Eu 2.65 × 10-3 90 oC -40~90 This 
work

YCu161 1.84×10−3 90 oC and 
98%RH

30~90 S9

Zr-(NDC)0.3(SNDC)0.7 3.18 × 10- 4  90 oC and 98% 
RH

30~90 S10

BUT-77 3.08 × 10-2 80 oC and 100% 
RH

25~80 S11

(Me2NH2)2(H3O)[GdL2]·8H2O 8.83 × 10−3 95 oC and 
60%RH

25~95 S12

VNU-17 6.65× 10-6 70 oC and 
98%RH

30~70 S13

Co(dia)1.5(Hsip)(H2O)·H2O 3.461×10−5 85 oC and98%RH 40~85 S14
JXNU-7 1.04×10−4 85 oC and98%RH 45~85 S15

CUST-736a 2.25×10−3 80 oC and98%RH 50~80 S16
VNU-23 1.54 × 10-4 70 oC and90%RH 30~70 S17

[Cu(H2L)(DMF)4]n 3.46×10-3 95 oC and 95% 
RH

25~95 S18

Cu4(L)2(OH)2(DMF)2 7.4 ×10-3 95 oC and 
95%RH

35~95 S19

Cu-DSOA 1.9 × 10-3 85 oC and 
98%RH

25~100 S20

Tb-DSOA 1.66×10−4 100 oC and 
98%RH

40~100 S21

{(H3O)[Eu(SBDB)(H2O)2]}n 1.0 × 10−4 65 oC and 98% 
RH

17~65 S22

Ni-MOF 1.95× 10−3 85 oC and 95% 
RH

30~85 S23

PCMOF-17 1.17 × 10−3 25 oC and 40% 
RH

25~50 S24

UiO-66-SO3H 0.34 × 10−2 30 oC and 97% 
RH

18~30 S25

BUT-8(Cr) 4.63 × 10−2 80 oC and 100% 
RH

25~80 S26

MIL-101-SO3H 1.16 × 10−2 80 oC and 100% 
RH

25~80 S26



S23

Table S5 Comparison of the detection limits and Ksv values for Fe3+ of the selected Ln-MOF.

Ln-MOF KSV M-1 detection 
limit/μM

ref

534-MOF-Tb 5.51×103 130 S27

FJU-13-Eu 2.03×104 1.41 S28

1-Eu 4.75 × 104 6.32 S29

{[Tb(L)(DMA)]·(DMA)·(0.5H2O)} 1.91× 103 - S30

[Tb(tftba)1.5(phen)(H2O)]n 4.04 × 104 12.7 S31

La-TCPE 1.09 × 105 1.69 S32

{[Eu(L) (BPDC)1/2(NO3)]·H3O}n 5.16 × 104 - S33

[[Eu2(pdba)3(H2O)3]·2H2O]n 6.53 × 103 - S34

[[Eu(bpda)1.5]·H2O]n 1.25 × 104 0.9 S35

[Sm(L)2(OH)(H2O)3]n 1.03 × 104 3.21 S36

FUT-2-Eu 1.66 × 104 3.64 This work
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