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Materials and Characterization Methods. The ligand 2,5-diacetoxy terephthalic acid
(H,BDC-(OCOCHj3;),) was achieved by following the previously reported procedure (Scheme
S1).!' A drastic naked eye color change was visualized during the product formation. 2,5-
dihydroxyterephthalic acid (H,BDC-(OH),) was bright yellow solid which was transformed to
white solid compound when it was converted to 2,5-diacetoxy terephthalic acid (Figure S1).
The '"H NMR and 3C NMR spectra of this ligand are shown in Figures S2-S3. All other
required chemicals were purchased from commercial sources and used without purification.
Fourier transform infrared (FT-IR) spectra were recorded with a Perkin Elmer Spectrum two
FT-IR spectrometer in the range of 440-4000 cm™' with KBr pellet. The below mentioned
indications were employed for the characterization of the absorption bands: medium (m), weak
(w), broad (br), very strong (vs), strong (s) and shoulder (sh). Ambient temperature X-Ray
powder diffraction (XRPD) patterns were collected on a Bruker D2 Phaser X-ray
diffractometer (30 kV, 10 mA) using Cu-Ka (A = 1.5406 A) radiation. Lattice parameters were
determined by using the DICVOL program? and refined by employing STOE’s WinXPow
software package.’ FE-SEM images were captured with a Zeiss (Zemini) scanning electron
microscope. Thermogravimetric analyses (TGA) were collected under air atmosphere at a
heating rate of 10 °C min! in a temperature region of 25-800 °C by employing a Netzsch STA-
409CD thermal analyzer. Fluorescence emission behavior was recorded by a HORIBA JOBIN
YVON Fluoromax-4 spectrofluorometer. The excitation wavelength (A.) was 365 nm for all
the fluorescence experiments. The nitrogen sorption isotherms were performed employing a
Quantachrome Autosorb iQ-MP gas sorption analyzer at -196 °C. Prior to the sorption
measurement, degassing of the material was performed at 90 °C for 12 h under dynamic
vacuum. A Bruker Avance III 600 spectrometer was utilized for recording '"H NMR at 400
MHz. Fluorescence lifetime measurements were performed by time correlated single-photon
counting (TCSPC) method by an Edinburgh Instrument Life-Spec II instrument. The
fluorescence decays were analyzed by reconvolution method using the FAST software
provided by Edinburgh Instruments.

Fluorescence Detection Assay in Aqueous Medium. The probe (5 mg) was taken in a glass
vial in mili-Q water (5 mL) was included. The suspension was sonicated for 1 h. A stable
suspension was obtained after keeping for overnight at static condition. The above-mentioned
suspension (200 uL) of the probe was added inside a quartz cuvette. Then, we have included
2800 pL of mili-Q water to the suspension. All the fluorescence titration measurements were
conducted by exciting the resulting suspension at 365 nm and recording the spectra within 385-
710 nm. For time dependent fluorescence experiment, 500 uL of 1 mM hydrazine (NH,NH,)
was introduced to the suspension of 1’ and in each minute, emission spectra were collected. To
perform the concentration-dependent sensing event, 0 to 500 pL of hydrazine (1 mM) solution
was added gradually to aqueous suspension of 1’. After each addition, the emission response
of the resulting suspension was observed. To ensure the specificity of the compound towards
hydrazine detection event was performed with several possible interfering analytes. 1 mM
solution of different compositing analytes have been prepared by dissolving required amounts
of compounds in 5 mL mili-Q water (i.e. NaF, NaBr, NaCl, Nal, NaNOs;, NaNO,, NaCN, NaNj,
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NaSCN, NaHCO3;, Na,SOy4, Na,S0O;, NaHSO;3;, NaHSO,4, NaOAc, NaClO,4, NH,OH, cysteine,
aspartic acid, glucose, aspartic acid, serine and thiourea).
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Scheme S1. Scheme for the preparation of 2,5-diacetoxy terephthalic acid (H,BDC-
(OCOCH;),).

(a) H,BDC-(OH), (b) H,BDC-(OCOCH,),

(c) Zr-Ui0-66-(0COCH;),  (d) 1’ + NH,NH,
(1)
Figure S1. Photographs of (a) H,BDC-(OH), ligand, (b) H,BDC-(OCOCH3;), ligand, (c) Zr-
UiO-66-(OCOCH3), MOF (1’) and (d) hydrazine treated 1’ (in bulk scale) under day light.
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Figure S3. 3C NMR spectrum of H,BDC-(OCOCH3), ligand.
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Figure S4. FE-SEM images of 1' under different magnifications.

Figure S5. EDX spectrum of 1'.
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Figure S6. EDX elemental mapping of 1'.
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Figure S7. Pawley refinement for the XRPD pattern of as-synthesized 1. Pink characters and
blues lines denote experimental and simulated patterns, respectively. The peak positions and
difference plot are displayed at the bottom (R, = 6.64%, R, = 4.39%).
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Figure S8. FT-IR spectra of as-synthesized 1 and thermally activated 1’.
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Figure S9. TG curves of as-synthesized 1 and activated 1’ measured in the temperature range

of 25-700 °C at a heating rate of 10 °C min™'.
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Figure S10. Experimental XRPD patterns of as-synthesized 1 (a), in DCM (b), in DMF (c¢), in
water (d), in ethanol (e), in methanol (f), in acetone (g), in acetic acid (h) and in 1 (M) HCI (i).
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Figure S11. N, adsorption (solid black circles) and desorption (solid red circles) isotherms of

1" measured at -196 °C.
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Figure S12. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaCN solution (500 pL).
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Figure S13. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM arginine solution (500 pL).
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Figure S14. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaHCOj; solution (500 pL).
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Figure S15. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaF solution (500 pL).
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Figure S16. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaHSO; solution (500 pL).
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Figure S17. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM urea solution (500 pL).

S11



_ 1.6x10° — 4
g_ — 1'+ NaOAc
o 1"+ NaOAc + NH,NH,
>
5 1.2x10°-
[ o=
Q
)
£
2 5
Q 8.0x10°-
[<}]
Q
7]
Q
o
S 4.0x10° 1
T8
e —
0.0 — _

I T I T T T I
400 450 500 550 600 650 700
Wavelength (nm)

Figure S18. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1| mM NaOAc solution (500 pL).
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Figure S19. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaNj solution (500 pL).
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Figure S20. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM Na,SO; solution (500 pL).
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Figure S21. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaSCN solution (500 pL).
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Figure S22. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM aspartic acid solution (500 pL).
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Figure S23. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM cysteine solution (500 pL).
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Figure S24. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM serine solution (500 pL).
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Figure S25. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM glucose solution (500 pL).
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Figure S26. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM Na,S,0; solution (500 pL).
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Figure S27. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM Na,SO, solution (500 uL).
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Figure S28. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM Nal solution (500 pL).
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Figure S29. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NacCl solution (500 pL).
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Figure S30. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaNOj; solution (500 pL).
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Figure S31. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM glutathione solution (500 pL).
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Figure S32. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM thiourea solution (500 pL).
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Figure S33. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaBr solution (500 pL).
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Figure S34. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaNO, solution (500 pL).
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Figure S35. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NH,OH solution (500 pL).
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Figure S36. Change in the fluorescence emission intensity of 1’ upon addition of 1 mM
hydrazine solution (500 pL) in presence of 1 mM NaHSO, solution (500 pL).
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Figure S37. Change in the fluorescence emission intensity of 1’ in aqueous medium as a
function of hydrazine concentration. The error bars indicate the standard deviations of three
measurements.
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Figure S38. XRPD patterns of 1 in different forms: as-synthesized (a), thermally activated (b)
and after hydrazine sensing (c).

Figure S39. Concentration dependent hydrazine sensing in MOF-coated portable paper strip
device.
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Figure S40. FT-IR spectra of 1’ and hydrazine treated 1’ (recovered after sensing).
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Figure S41. 'H NMR spectrum of (a) H,BDC-(OCOCH3), ligand and (b) hydrazine-treated
H,BDC-(OCOCHj3), ligand in DMSO-d;. Vanishing of signal at 2.26 ppm and up-field shift of

aromatic protons from 7.69 ppm to 7.11 ppm signifies the formation of H,BDC-(OH), after
treatment with hydrazine.
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Figure S42. Relative fluorescence response of 1’, H,BDC-(OCOCH;), ligand and Zr-UiO-66
towards 1 mM hydrazine (500 pL) in aqueous medium. The error bars indicate the standard
deviations of three measurements.
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Figure S43. Recyclability test for the fluorescence turn-on response of 1’ towards hydrazine.
The error bars indicate the standard deviations of three measurements.
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Figure S44. Lifetime decay profiles of aqueous suspension of 1’ in absence and presence of
hydrazine solution (Aex = 375 nm, monitored at 535 nm).

Table S1. Comparison of the sensing performances of various fluorescent sensors of hydrazine.

S1. Sensor Type of Sensing | Mode of | Detection | Response | Ref.
No. Material Medium | Detection Limit Time
1 | Zr-UiO-66- MOF water turn-on 78.8nM | seconds | this
(OCOCH3), work
2 Ui0-66- MOF HEPES turn-on 0.87 uM | 20 min 4
phmd buffer
3 BTI organic- HEPES turn-on 2.9 ppb 20 min 5
molecule buffer
4 HyP-1 organic- PBS turn-on 0.035 lh 6
molecule buffer ppb
5 Pl organic- PBS turn-on 1.79 nM 40 s 7
molecule buffer
6 BPB BODIPY- HEPES turn-off | 1.87 uM - 8
based organic | buffer
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molecule
7 | Naphsulf-O organic- PBS turn-on 22 nM 40 min 9
molecule buffer
8 BBHC organic- PBS turn-on 0.43 uM 1 min 10
molecule buffer
9 CFAc organic- PBS ratiometric | 0.0474 - 11
molecule buffer uM
10 BI-E near-infrared PBS turn-on 0.057 1 min 12
fluorescent buffer uM
probe
11 NA-N,H; | naphthalimide | HEPES | ratiometric | 9.4 nM 15 min 13
based organic | buffer
molecule
12 TAPHP organic- HEPES | ratiometric | 0.3 uM 60 min 14
molecule buffer
13 AB-NDI organic- DMSO turn-on - - 15
molecule
14 TNQ organic- PBS ratiometric - - 16
molecule buffer
15 HBTM organic- PBS turn-on 29 uM 55 min 17
molecule buffer
16 NAC naphthalene | HEPES turn-on 4.5 uM 4 min 18
based organic | buffer
molecule
17 DPA organic- DMSO/ turn-on 1.9nM 8 min 19
molecule PBS
buffer
solution
(4/6, v/v)
18 probe 1 pyrene- and | HEPES turn-on 0.17 uM 3 min 20
probe 2 anthracene- buffer 0.24 uM
based organic
molecule
19 SF-Azo organic- CH;OH/ | turn-on | 2.33 mM 18-42 21
compounds molecule H,0 (v/v min
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=1:1)
20 | levulinated organic- acetate turn-on 246 uM | 15 min 22
hydroxy- molecule buffer
coumarin 1
21 | Compound organic- HEPES/ | “turn-on” | 0.19 uM - 23
6a molecule DMSO and
(1:1, v/v) | “ratiomet-
ric”
22 NS-N,H,4 organic- PBS/ turn-on - 240 min 24
molecule DMSO
(viv=
2/1)
23 PBF organic- CH;CN- | turn-on 0.41 uM 1 min 25
molecule H,0 (6:
4,v/v),

Table S2. Unit cell parameters of the as-synthesized Zr-UiO-66-(OCOCH;), MOF. The
obtained values are compared with the previously reported Zr-UiO-66 MOFs.

Compound Zr-UiO-66- Zr-UiO-66 Zr-UiO-66-NH- | Zr-UiO-66-1-
Name (OCOCH;3), MOF | MOF CH,-Py MOF | (aminomethyl)
(1') (this work) | (reported)?s | (reported)*’ naphthalen-2-ol

(reported)?®

Crystal System | cubic cubic cubic cubic

a=b=c(A) 20.840(7) 20.7004 (2) 20.755(3) 20.786(3)

a=p=v(°) 90 90 90 90

V (A3) 9051.7(5) 8870.3(2) 8940.3(21) 8981.1(19)

Table S3. Calculation of detection limit for hydrazine detection by 1’.

S27



Number | Fluorescence Intensities at | Standard Slope (k) Detection
of Run | 535 nm before addition of | Deviation (9) Limit (3o7k)
; (mM)

(n) hydrazine

(mM)
1 37276.92401 509.41 19374748 7.88 x 107
2 38905.85504 (78.8 nM)
3 38773.16733 (3.9 ppb)
4 39000.68352
5 38704.43693
6 38620.54759
7 38774.00126
8 38635.82115

Table S4. Fluorescence lifetimes of aqueous suspension of 1’ before and after the addition of
hydrazine solution (A = 375 nm, pulsed diode laser).

Volume of 1 mM a a) T, (ns) T, (ns) <t>* (ns) 1>
NH,NH, solution
added (uL)
0 0.64 0.36 0.08 0.31 0.16 1.06
500 0.96 0.04 4.33 8.88 4.47 1.12

* > =T L Ty
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