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Table S1 Crystal data and structure refinement details of HPU-14a. 

Complex HPU-14 

Formula C39H50N2O26Zn3 

formula weight, fw 1158.92 

Temperature, T [K] 296(2) 

crystal system Orthorhombic 

space group Pbca 

a [Å] 16.274(5) 

b [Å] 10.787(3) 

c [Å] 24.384(8) 

α [o] 90 

β [o] 90 

γ [o] 90 

V [Å3] 4281(2) 

Z 4 

ρ [g cm-3] 1.798 

μ [mm-1] 1.770 

θ range 1.67-28.48 

F(000) 2384 

goodness-of-fit, GOF 1.002 

R1
a [I > 2σ (I)] 0.0432 

wR2
b (all data) 0.0831 

aR1 = Fo − Fc / Fo. 
bwR2 = [w(Fo

2 − Fc
2)2 / wFo

22]1/2 . 

 

  



 

 

Figure S1 The IR spectra of HPU-14, HPU-14@Tb3+, HPU-14@Eu3+, and 

HPU-14@Tb3+@Eu3+. 

  



 

 

Figure S2 a: The emission spectra of HPU-14@Tb3+@Eu3+ exposed to HCl gas with 

different concentrations; b: The plots of I545/431 vs. CHCl with fitted curves in the range 

of 1-4 ppm.   
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Figure S3 The emission spectra of HPU-14@Tb3+@Eu3+ in HCl (g) and HCl-treated 

HPU-14@Tb3+@Eu3+ in Et3N (g). 

 

Figure S4 PXRD patterns of HPU-14@Tb3+@Eu3+ (1), HPU-14@Tb3+@Eu3+ in HCl 

(2) and HCl-treated HPU-14@Tb3+@Eu3+ in Et3N (3). 

 



 

Figure S5 The luminescence image of HPU-14@Tb3+@Eu3+ toward other common 

volatile toxic gaseous analogues. 1 HPU-14@Tb3+@Eu3+, 2 DMF, 3 DMA, 4 ethyl 

acetate, 5 trichloromethane, 6 acetonitrile, 7 ethanol, 8 methanol, 9 acetone, 10 

styrene, 11 methylbenzene, 12 n-hexane. 

  



 

Table S2 Luminescence lifetimes (µs) and quantum yields of HPU-14@Tb3+@Eu3+a 

 τ
1 

(µs) τ
2 

(µs) τ
3 

(µs) τ
4 

(µs) <τ 

>(

ms) 

Φ 

HPU-14@Tb@

Eu 

5.27(1.87%) 46.84(2.98%) 308.33(26.27%) 797.55(68.87%) 0.7

33 

7.1 

a <τ> = ΣAiτ1
2/ Aiτ1 

Table S3 The lifetime and quantum yield of other similar MOF-based materials. 

 Quantum yield (%) Lifetime (µs) 

[Zn(μ-L)(μ-1,3-dpp)]1 2.8 876  

Mg-CP⊃CuI2 5.6 - 

SMOF-13 4.3 600 

ZJU-1:1.5%Tb3+, 2.0%Eu3+4 6.8  

10% Eu-SMOF-15 4.3 - 
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