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Scheme of ligand (BINDI) synthesis 

 

 

 

 

Figure S1: The 1H NMR spectra of BINDI in DMSO-d6. 
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Table S1. Crystallographic data of 1. 

Identification code  HA_MOF1  

Empirical formula  C17H15NO18Zr3  

Formula weight  794.975  

Temperature/K  100.0  

Crystal system  orthorhombic  

Space group  Ibam  

a/Å  21.4898(12)  

b/Å  25.2933(9)  

c/Å  33.1199(16)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å3  18002.3(15)  

Z  16  

ρcalcg/cm3  1.173  

μ/mm-1  6.051  

F(000)  6221.3  

Crystal size/mm3  0.05 × 0.025 × 0.025  

Radiation  Cu Kα (λ = 1.54184)  

2Θ range for data collection/°  8.22 to 143.5  

Index ranges  -25 ≤ h ≤ 26, -30 ≤ k ≤ 30, -39 ≤ l ≤ 20  

Reflections collected  54320  

Independent reflections  8831 [Rint = 0.1153, Rsigma = 0.0568]  

Data/restraints/parameters  8831/0/365  

Goodness-of-fit on F2  1.100  

Final R indexes [I>=2σ (I)]  R1 = 0.0702, wR2 = 0.1954  

Final R indexes [all data]  R1 = 0.0964, wR2 = 0.2362  

Largest diff. peak/hole / e Å-3  2.12/-1.85  

CCDC number 2067442 

 

 

 



Computational Details:  

First, the experimentally elucidated 1 containing µ3-bridged oxygen atoms, and Zr metal site 

having hydroxyl group and water molecule in the framework consisting of a carboxylate ligand 

were modelled (Figure 24a). The resulting MOF was structural optimized by the Density 

Functional theory (DFT) using the Perdew-Burke-Ernzerhof (PBE) functionals 1,2 in Quickstep 

module of CP2K package.3-6 For the structural optimization, the cell parameters of the 

framework as obtained from the experiment were kept constant, however the framework atoms 

have been relaxed for the geometry optimization. Here, for hydrogen, oxygen, nitrogen and 

carbon atoms, triple-zeta potential (TZVP-MOLOPT) 7 basis set has been considered while the 

Zirconium atom has double-zeta potential basis set (DZVP-MOLOPT).7 The pseudo potentials 

used for all of the atoms were those derived by Goedecker, Teter and Hutter.8 The van der 

Waals effects interactions were taken into account via the use of semi-empirical dispersion 

corrections as implemented in the DFT-D3 method. In the same way, the substrate 2,4,6-trinitro 

phenol (Figure S24b) and 2,4-dinitro toluene (Figure S24c) has been optimized with the same 

DFT level and parameters using Quickstep module of CP2K package. 3-6 Later, the substrate 

2,4,6-TNP has been loaded consecutively (Figure S25) in pore channels of the MOF for 

obtaining the substrate loaded 1. The final loaded MOF models were then geometry-optimized 

using the Quickstep module of the CP2K package and considering the same level of theory and 

parameters as for the optimization of the 1. All the atomic coordinates of the MOF models were 

relaxed and all the calculations were performed at the Γ-point. Finally, the geometry optimized 

1 without and with analytes were used to explore the single point energy and further extraction 

of HOMO and LUMO energy for understanding the optical properties of the TNP and DNT 

loaded 1 with the same level of theory and parameters as for the optimization of the 1. Table 

S6 and S7 represents the HOMO and LUMO energy level for analyte loaded 1 and different 

number of 2,4,6-TNP molecules. Figures S25 and S26 represents the HOMO and LUMO 



energy plot for analyte loaded MOF and 2,4,6-TNP molecules, respectively whereas Figure 

S27 represents the HOMO-LUMO energy plot for 1, DNT substrate and DNT loaded 1 Figure 

S28 and the energy values for DNT substrate and Zr-MOF loaded with single DNT substrate 

has been represented in the Table S8. 

 

 

 

 

Figure S2: PXRD pattern showing the stability of 1 when exposed to water for 24 hr. 
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Figure S3: (A) Adsorption isotherm of 1 and (B) pore diameter of 1 and (c) Adsorption 

isotherm of 1 after sensing experiment with TNP at 77K. 
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Figure S4: Thermogravimetric analysis of 1. 

 

  

Figure S5: SEM image showing inter-grown rods of 1 (A, B) As synthesised material and (C, 

D) After sensing experiments with TNP.  
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Figure S6. Commission Internationale de l’eclairage (CIE) ́chromaticity diagram of MOF 1. 

 

 

 

 

 



 

Figure S7. PXRD patterns showing stability of 1 in the presence of different nitro 

compounds, acid and base. 
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Figure S8: Emission spectra of 1 dispersed in water upon incremental addition of (A) NM (5 

mM) and (B) NP in water (λex=395 nm). 
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Figure S9: Emission spectra of 1 dispersed in water upon incremental addition of (A) Phenol 

(5 mM), (B) Toluene (5 mM) and (c) NB (5 mM) in water (λex=395 nm). 
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Figure S10: Emission spectra of 1 dispersed in water upon incremental addition of (A) 2,4-

DNT (5 mM) and (B) 2-NT (5 mM) in water (λex=395 nm). 
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Figure S11: (A) Emission spectra of 1 dispersed in water upon incremental addition of TNP 

(5 mM) in water (λex=395 nm). (B) Quenching efficiency of TNP. 

 

  

Figure S12: (A) Emission spectra of 1 dispersed in water upon incremental addition of 2,4-

DNP (5 mM) in water (λex=395 nm). (B) Quenching efficiency of 2,4-DNP (Inset Stern Volmer 

plot). 

 

  

Figure S13: (A) Emission spectra of 1 dispersed in water upon incremental addition of 4-NP 

(5 mM) in water (λex=395 nm). (B) Quenching efficiency of 4-NP (Inset Stern Volmer plot). 
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Figure S14: (A) Emission spectra of 1 dispersed in water upon incremental addition of 2-NP 

(5 mM) in water (λex=395 nm). (B) Quenching efficiency of 2-NP (Inset Stern Volmer plot). 

 

Figure S15: Stern Volmer plot of 1 upon incremental addition of TNP (5mm) in water.  
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Figure S16: Linear range Stern Volmer plot of 1 upon incremental addition of TNP (5mm) in 

aqueous solution. 

 

 

Figure S17: Linear regression curve of fluorescence intensity of 1 upon incremental addition 

of TNP (5 mM) in aqueous solution. 
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Table S2: Blank fluorescence intensity values of 1 and limit of detection of TNP. 

S NO Fluorescence intensity (cps) 

Reading 1 368500.851 

Reading 2 389767.442 

Reading 3 399000 

Reading 4 396282.048 

Reading 5 399152.542 

Standard deviation () 12894.18016 

Slope (m) 1098.303 µM-1 

Detection limit (3/m) 35.22 µM 

Limit of detection 8.069 ppm 

 

Table S3: Comparison of selective detection of TNP, LOD and QE reported for various MOF 

materials. 

S 
NO 

MOF K
SV

 (M-1)
 
 LOD QE Absolute 

selective 
detection 
of TNP 

Reference 

1 Zr
6
O

4
(OH)

4
(L)

6
 (UiO-

67@N)  

2.9×104   73% 

  

 No [10] 

2 [Cd(5-BrIP)(TIB)]n  2.68×104 
 0.27 µM  84.5%  No [11] 

3 BUT-12  

BUT-13 

2.1×104 

1×104 

23 ppb 

12 ppb 

   No [12] 

4 [Zn4(DMF)(Ur)
 2 

(NDC)
4
]   10.83 x 104  1.63 ppm     No [13] 

5 [Zr
6
O

4
(OH)

4
(BTDB)

6
]·8H

2
O

·6DMF 

2.49×104 1.63×10-6 M 98% 

  

 No [14] 

6 [Cd(NDC)0.5(PCA)]·Gx   3.5×104    78%  No [15] 

7 UiO-68@NH
2
 5.8×104 0.4 ppm 86%  No [16] 

8 Cd
2
(PAM)

2
(dpe)

2
(H

2
O)

2
]∙0

.5(dpe) 

  1.76 x 10-6 gL-1  98.4%  No [17] 

9  {[Tb(L)
1.5

(H
2
O)]∙3H

2
O}n     7.47 x 104 M-1    No [18] 

10 Zr-NDI MOF (1) 4.057×104 8.069 ppm 
(8.1 ppm) 

95%  Yes This work 

 

 

 

 



 

Figure S18: Spectral overlap between emission (λex=395 nm) of 1 and absorption spectra of 

analytes. 

 

 

 

Table S4: Lifetime decay profile values of 1 upon incremental addition of TNP (5 mM) 

aqueous solution.  

sample τ1 (ns) τ2    (ns) τ3  (ns) α1 α2 α3 ᵡ2 Average 

lifetime 

(ns) 

MOF 1.81 4.64 0.20 0.18 0.09 0.17 1.12 2.83 

MOF+40 

µL TNP 

1.44 3.64 0.19 0.17 0.08 0.75 1.09 2.13 

MOF+80 

µL TNP 

1.29 3.15 0.20 0.16 0.06 0.78 1.01 1.60 

MOF+120 

µL TNP 

1.03 2.57 0.17 0.12 0.04 0.83 1.07 1.16 

MOF+160 

µL TNP 

0.80 2.10 0.15 0.10 0.04 0.86 1.23 0.87 

MOF+200 

µL TNP 

0.49 1.67 0.07 0.09 0.03 0.88 1.26 0.65 

 



 

Temperature Dependent Fluorescence Experiments: 

The fluorescence experiments were performed at different temperatures where TNP was added 

in incremental manner to 1. (Fig. S19) It was observed that with an increase in the temperature, 

there was an increase in the KD value where D refers to dynamic. (Fig. S19-S20, Table S5) This 

confirms the operation of dynamic quenching mechanism in this case.19 

 

Figure S19: Stern Volmer plot of 1 upon incremental addition of TNP (5 mM) at different 

temperatures. 

 

 

Figure S20: Stern Volmer plot of 1 upon incremental addition of TNP (5 mM) at different 

temperatures (A) 288 K, (B) 293 K and (C) 298 K.  
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Table S5: KD values of 1 upon addition of TNP (5 mM) aqueous solution at different 

temperatures.19  

Temperature (°C)  KD (M-1) 

15 0.6931×104  

20 1.398×104  

25 3.145×104  

 

 

 

Figure S21: Absorption spectra of 1 dispersed in water upon incremental addition of TNP (5 

mM) in water. 

200 300 400 500 600 700
0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

 

A
b

so
rb

a
n

ce
 (

a
.u

.)

Wavelength (nm)

 1

 1+20l TNP

 1+40l TNP

 1+60l TNP

 1+80 l TNP

 1+100l TNP

 1+120 l TNP

 1+140 l TNP

 1+160 l TNP

 1+180l TNP

 1+200 l TNP



 

Figure S22: Quenching efficiency of analytes upon addition of 200 µl of each analyte to the 1 

in aqueous suspension. 

 

  

Figure S23: Selectivity studies of analytes against TNP upon addition of (1:1 v/v) TNP + 

analytes (5 mM) to 1 in aqueous suspension (λex=395 nm). 
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Figure S24. The single unit cell (1×1×1 simulation box) viewed along a direction for 1 (a) , 

2,4,6-trinitro-phenol (b) and 2,4-dinitro toluene (c) considered for the DFT calculations. (Grey-

Carbon; Blue-Nitrogen; White-Hydrogen; Red-Oxygen; Cyan-Zr)  

    

                   

 

Figure S25. DFT-optimized Zr-MOF with TNP analytes with 1 (a), 2 (b), 3 (c) and 4 (d) 

molecule per unit cell viewed along a direction. (Grey-Carbon; Blue-Nitrogen; White-

Hydrogen; Red-Oxygen; Cyan-Zr)  

 

 

 

 

 

 

 



Table S6. HOMO – LUMO energies of the 2,4,6-TNP loaded 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure S26: HOMO and LUMO energy plot for Zr-MOF and 2,4,6-TNP loaded 1  

 

 

MOF with 

analyte 

HOMO 

(eV) 

LUMO 

(eV) 

Energy gap 

(eV) 

Zr-MOF -1.52 -0.72 0.80 

Zr-MOF + 1 TNP -1.42 -0.75 0.67 

Zr-MOF + 2 TNP -1.20 -0.55 0.64 

Zr-MOF +3 TNP -1.07 -0.02 1.05 

Zr-MOF + 4 TNP -0.99 -0.65 0.35 



Table S7. HOMO – LUMO energies of the 2,4,6-TNP loaded bare system. 

 

 

 

 

Figure S27: HOMO and LUMO energy plot for 2,4,6-TNP molecules.  

Number of TNP 

molecule 

HOMO (eV) LUMO (eV) Energy gap (eV) 

1 -7.30 -4.91 2.39 

2 -7.22 -4.79 2.43 

3 -7.07 -4.71 2.36 

4 -6.94 -4.62 2.32 



 

Figure S28: HOMO and LUMO energy plot for 1, DNT substrate and DNT loaded 1. 

 

Table S8. HOMO – LUMO energies of the 1, DNT and 1 with one DNT substrate. 

 

 

 

 

Name of analyte 

and substrate 

HOMO (eV) LUMO (eV) Energy gap (eV) 

1 -1.52 -0.72 0.80 

DNT -7.038 -3.963 3.07 

1 + DNT 0.7022 0.6985 -0.004 
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