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Figure S1. (a) Nitrogen adsorption-desorption isotherms measured at 77 K and (b) corresponding 

DFT pore size distributions of all 2D MOF-based materials. Calculated BET surface areas are 

listed in (a). Pore size distributions were extracted from isotherms shown in (a) by using the model 

of carbon slit pore.
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Figure S2. Plots for calculating BET surface areas of (a) ZrBTB, (b) ZrBTB-bzpdc, (c) ZrBTB-

bzpdc-Tb-120, (d) ZrBTB-bzpdc-Tb-100, (e) ZrBTB-bzpdc-Tb-80, (f) ZrBTB-bzpdc-Tb-60 and 

(g) ZrBTB-Tb-120, with C values and correlation coefficients.
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Figure S3. Representative SEM image of ZrBTB.

Figure S4. EDS spectra of (a) ZrBTB and (b) ZrBTB-bzpdc-Tb-120. Chlorine element is from the 

HCl-based washing step for removing coordinated benzoate during the synthesis of ZrBTB, and it 

can be completely removed after performing the installation of terbium.1

ICP-OES experiments were conducted to quantify the atomic ratio between terbium and 

zirconium in each material; see detailed protocols for preparing ICP-OES samples in our previous 

work.1 The obtained results are listed in Table S1.
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Table S1. ICP-OES results.

Material Tb atoms per Zr6 node

ZrBTB-bzpdc-Tb-60 1.0

ZrBTB-bzpdc-Tb-80 1.5

ZrBTB-bzpdc-Tb-100 2.1

ZrBTB-bzpdc-Tb-120 3.3

ZrBTB-Tb-120 4.4

1H NMR spectrum of the H2bzpdc ligand dissolved in dimethyl sulfoxide-d6 is shown in 

Figure S5(a), which reveals two sets of doublet peaks originating from eight hydrogen atoms on 

the two phenyl rings of the ligand. Each bzpdc-functionalized MOF material was thereafter 

digested in concentrated D2SO4 and thereafter diluted with dimethyl sulfoxide-d6 for collecting 

the 1H NMR spectrum of the sample; see detailed protocols for preparing NMR samples in our 

previous studies.1, 2 One set of strong peaks located at around 7.9 ppm can be observed in the NMR 

spectra of all ZrBTB-containing samples displayed in Figure S5(b-f), which correspond to fifteen 

hydrogen atoms on the four phenyl rings of H3BTB.1, 3, 4 According to the crystalline structure of 

ZrBTB, the ratio between the BTB linker and the hexa-zirconium node is 2. Thus, the integrated 

peak areas shown in Figure S5(b) indicate that there are on average 1.4 bzpdc ligands per BTB 

linker, and thus 2.8 bzpdc ligands coordinated on each hexa-zirconium node of the ZrBTB-bzpdc. 

Similar quantifications were then performed for all other materials containing bzpdc, and the 

loadings are listed in Table S2. In addition, NMR spectra of all terbium-containing materials 

showing the singlet peak originating from three hydrogen atoms of acetate are plotted in Figure 

S6. Number of acetate ions per node in each material was then quantified according to the obtained 

acetate-to-BTB ratio in the digested sample, as listed in Table S2. From both NMR and ICP-OES 

data, ratios between acetate and terbium were also calculated, as listed in Table S2.
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Figure S5. 1H NMR spectra of (a) H2bzpdc, (b) digested ZrBTB-bzpdc, (c) digested ZrBTB-

bzpdc-Tb-60, (d) digested ZrBTB-bzpdc-Tb-80, (e) digested ZrBTB-bzpdc-Tb-100 and (f) 

digested ZrBTB-bzpdc-Tb-120, plotted in the region between 7.6 and 8.1 ppm.



S-6

Figure S6. 1H NMR spectra of digested (a) ZrBTB-bzpdc-Tb-60, (b) ZrBTB-bzpdc-Tb-80, (c) 

ZrBTB-bzpdc-Tb-100, (d) ZrBTB-bzpdc-Tb-120 and (e) ZrBTB-Tb-120, plotted in the regions 

covering both the peaks from H3BTB and acetate.
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Table S2. NMR results and ratios between acetate and terbium calculated from both NMR and 

ICP-OES data.

Material bzpdc per Zr6 node Acetate per Zr6 node Acetate/Tb

ZrBTB-bzpdc 2.8 0 -

ZrBTB-bzpdc-Tb-60 2.5 4.5 4.5

ZrBTB-bzpdc-Tb-80 2.5 5.1 3.4

ZrBTB-bzpdc-Tb-100 2.5 6.5 3.1

ZrBTB-bzpdc-Tb-120 2.5 6.8 2.0

ZrBTB-Tb-120 0 11.4 2.6

Figure S7. XPS spectra of (a) ZrBTB-bzpdc-Tb-120 and (b) ZrBTB-Tb-120, collected in the 

region of Tb 3d.
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Figure S8. UV-vis spectra of ZrBTB, ZrBTB-bzpdc, ZrBTB-bzpdc-Tb-120 and ZrBTB-Tb-120. 

Spectra of H3BTB and H2bzpdc are also shown for comparison.

Figure S9. Excitation spectra of all terbium-functionalized 2D MOFs, collected by probing the 

emission of terbium at 543 nm.
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Figure S10. Emission spectra of the H2bzpdc aqueous solution with a concentration of 0.2 mg/mL, 

collected under the excitation at (a) 310 nm and (b) 355 nm.

Figure S11. Emission spectra of the aqueous suspension of ZrBTB-bzpdc-Tb-120 with a 

concentration of 0.2 mg/mL, collected before and after keeping at room temperature for 1 h and 2 

h. Spectra were collected under the excitation at (a) 310 nm and (b) 355 nm. The suspension was 

ultrasonicated before measuring each spectrum.
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Figure S12. Data of the PLQY measurement for ZrBTB-bzpdc-Tb-120 solid powder, under the 

excitation at 310 nm.

Figure S13. Data of the PLQY measurement for ZrBTB-bzpdc-Tb-120 solid powder, under the 

excitation at 355 nm.



S-11

Figure S14. Data of the PLQY measurement for ZrBTB-Tb-120 solid powder, under the excitation 

at 310 nm.

Figure S15. Data of the PLQY measurement for ZrBTB-Tb-120 solid powder, under the excitation 

at 355 nm.
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Table S3. Performances of MOF-based PL sensors for Fe(III) ions in water reported in some 

published studies. The list is sorted based on KSV.

Materials KSV (M-1) LOD (μM) Reference

Tb-based MOF (NIIC-1-Tb) 383000 0.00862

Eu-based MOF (NIIC-1-Eu) 28400 0.58
[5]

Zr-based MOF-808-Tb 31200 N.A. [6]

Eu-based MOF 31000 1.57

Tb-based MOF 28900 0.91
[7]

Eu-based MOF 22300 1.12 [8]

Eu-based MOF (JXUST-9) 21340 0.94 [9]

ZrBTB-bzpdc-Tb-120 8970 2.8 This work

Tb-based MOF 8660 0.91 [10]

Tb-based MOF 5532 4 [11]

Eu-based MOF 4100 N.A. [12]

Eu@Zr-based UiO-66 3780 12.8 [13]

Tb-based MOF 3530 2.22

Eu-based MOF 3660 2.09
[14]

Tb-based MOF (Tb-DSOA) 3543 N.A. [15]

Tb-based MOF (CTGU-1) 2400 0.1 [16]
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Figure S16. Emission spectra of ZrBTB-bzpdc-Tb-120 dispersed in water with a concentration of 

0.2 mg/mL containing 100 μM of various added species, collected under the excitation at 355 nm.
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Figure S17. PXRD patterns of the fresh ZrBTB-bzpdc-Tb-120 and that after the exposure to the 

aqueous solution containing Fe(III) ions. Sample after exposure was prepared by dispersing 20 mg 

of ZrBTB-bzpdc-Tb-120 in 10 mL of an aqueous solution containing 50 μM of Fe2(SO4)3 through 

ultrasonication, followed by keeping the obtained suspension at room temperature for 10 min, 

washing the resulting solid with 10 mL of water for three times, and subjecting to the solvent 

exchange with 10 mL of acetone for three times, sequentially, before activating the sample.
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