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Section S1: General information

Physical Measurements FT-IR spectra were recorded on a PerkinElmer Spectrum I
spectrometer with samples prepared as KBr pellets in the range of 4000-400 cm™'. The solid
state (DRS) and solution state UV-Vis spectra of compound and analyte were explored by
UV/Vis spectrophotometer (Shimadzu UV-2600). The morphological studies were carried
out by field emission scanning electron microscopy (FESEM) on a JEOL JSM-7600F system.
TGA analysis was carried out using Perkin—Elmer Pyris 1 model on well ground samples in
flowing nitrogen atmosphere at a heating rate of 10 °C/min. Emission spectra were recorded
using an EDINBURGH instrument FS5 spectrophotometer. Time-resolved lifetime decay
profiles were measured using photoluminescence Fluorolog 3-221 (Horiba Scientific) single
photon counting controller. Powder X-ray diffraction analysis was carried out on a Bruker
D8-Advance Eco Diffractometer using Ni-filtered Cu Ka radiation at room temperature. The
data were collected over the range of 5 © < 20 < 60° with a step size of 0.01°. The BET

nitrogen isotherm analysis was carried out on Quantachrome ASiQwin at 300 K.

Theoretical calculations Geometry optimization and frequency calculations are performed
using Becke’s three parameter functional in combination with the Lee-Yang-Parr correlation
functional (B3LYP) and 6-31G basis set. Gaussian 09 suite of programs is used for all the

calculations.

Experimental Procedures
Materials

Nickel (II) nitrate hexahydrate (Ni(NO;),.6H,0, >98.0%), sodium borohydride (NaBH,,
>99%), 1,3,5tricarboxylic acid (H;BTC, 95%), N,N-dimethylformamide (DMF, >99.8%),
Ethanol and Methanol. All chemicals were purchased from Sigma Aldrich. All the chemicals
were used as obtained without further purification. The water used was deionized water.

Synthesis of nickel-oxide nanosheets (NiO-NS)

For synthesis of NiO NS, two different solutions were prepared: Solution A consisted of
0.582 g of Ni(NOj3),-6H,0 in 50.0 mL of water, while Solution B contained of 0.2 g of
NaBH, dissolved in 20 mL of water. Solution A was stirred continuously for 10 minutes to
ensure complete dissolution of the chemicals, then Solution B was added drop by drop to
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Solution A. After allowing the reaction to proceed for 5 minutes, the resulting product was
subjected to centrifugation and washed with ethanol three times. Finally, it was dried under
vacuum at room temperature for two days.

Synthesis of Ni-bfc nanosheets

A mixture of NiO-NS (58.8 mg) and Hsbtc (24.1 mg) was immersed in 10.0 ml of
EtOH/DMF/H,0O (1:1:1) solution with continuous stirring for 10 mins. After that, mixed
solution was encapsulated in 25mL Teflon-line stainless steel autoclave and was left in oven
at 100 °C for 24 hrs. The product was obtained by centrifugation, washed twice by DMF,
immersed in methanol overnight and finally dried under vacuum at 40 °C.

Model wastewater preparation: An aqueous solution was prepared using 1 L of distilled
water, 80 mg of CaCl,, 30 mg of Mg(NOs),, 20 mg of K,SO,, 60 mg of Na,SO, and used for
preparation of the suspension.



Section S2: Characterization of Ni-bzc NS MOF
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Figure S1. AFM image of Ni-bzc ultrathin nanosheets with thickness of 4.15 nm
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Figure S2. PXRD profiles of a) NiO NS (JCPDS card no. #47-1049) b) Ni-btc NS



a) b) 10 :
—— Ni-btc NS —— Ni-btc NS
El 8
3431.18 3106.74
05
$ 5
3 2
w 1
E 1606.06
11135145
1514.25 |
142447 712.233 0.0
3500 3000 2500 2000 1500 1000 200 300 400 500 600 700 800

Wavenumber (cnr) Wavelength (nm)

Figure S3. a) FT-IR and b) Solid-state UV-Vis spectrum of Ni-bzc NS
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Figure S4. N, adsorption Isotherm of Ni-btc NS
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Figure S5. TGA spectra Ni-bfc NS
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Figure S6. a) XPS Survey spectra, and b) Curve-resolved XPS of Cls, ¢) Ols and d) Ni 2p

of Ni-btc NS
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Figure S7. EDS mapping image of NiO NS
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Figure S8. EDS mapping image of Ni-b#c NS
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Section S3: Titration curves, Detection limit calculation and lifetime measurements

Detection limit was calculated using the following equation:
Detection limit = 36/m
Where ‘o’ is the calculated standard deviation from five blank measurements and ‘m’ is the

slope obtained from the plot of fluorescence emission with increasing concentration of

analytes.
a) 25000 b) 20 ==
——100 uM 1 Adi. R-Square 09888 | 4
=200 uM 1.9+ Value  Standard Error
20000- MA | Toim I T .
—— 500 uM 1.8
—— 600 uM =~ 17 1
_ —— 700 uM P e
2 15000 o S
» ——900 uM > 1.6
= —— 1000 uM E j
2 10000+ —— Ni-btc NS 2 15
c 2 |
= £ 1.4
5000- ]
1.3
0 L] L} L} L} 1-2 T T T T T T L}
360 380 400 420 440 0 10 20 30 40 50 60
Wavelength (nm) Concentration of MA (10%) M

Figure S10. a) Change in emission spectrum of Ni-bfc NS dispersed in water upon addition
of Methyl Amine (MA) b) Determination of detection limit through fitting of the linear
region of fluorescence intensity of Ni-bzc NS upon adding different concentration of MA to it

at Aemi = 400 nm (upon Age = 310 nm).
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Figure S11. a) Change in emission spectrum of Ni-btc NS dispersed in water upon addition

of Triethyl Amine (TEA) b) Determination of detection limit through fitting of the linear

region of fluorescence intensity of Ni-btc NS upon adding different concentration of TEA to

it at ey = 400 nm (upon Ay = 310 nm).
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Figure S12. a) Change in emission spectrum of Ni-btc NS dispersed in water upon addition
of Diisopropyl Amine (DIPA) b) Determination of detection limit through fitting of the linear

region of fluorescence intensity of Ni-bzc NS upon adding different concentration of DIPA to
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Figure S13. Comparison of fluorescence enhancement of Ni-bzc NS (1) with different amines

(0.5 mM)
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Figure S14. Lifetime decay profiles of Ni-btc NS before and after immersing in NH;, MA,
DIPA and TEA
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Table S1. Average lifetime of Ni-btc NS before and after addition of amines

Ni-bte NS (1) | 1+ NH; 1+ MA 1+ DIPA 1+ TEA
71 (ns) 1.01 0.72 0.72 0.81 0.91
0 0.76 0.75 0.73 0.77 0.74
7, (ns) 6.53 5.98 5.96 6.99 6.49
0 0.24 0.25 0.27 0.23 0.26
<t > (ns) 4.77 4.57 4.67 5.25 4.89
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Figure S15. Five consecutive detection-regeneration cycles of Ni-btc NS for NH; sensing
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Section S4: HOMO LUMO energy calculations

Electrochemical measurements

To obtain HOMO and LUMO values for the MOF, cyclic voltammetry plots were collected
for Ni-btc NS MOF. CV was recorded with the help of three electrode cell setup using
Fluorine-doped Tin Oxide (FTO) as the working electrode, platinum as the counter electrode,
and Ag/AgCl as a reference electrode. 0.1M tetrabutylammonium hexafluorophosphate in
acetonitrile was used as an electrolyte with a scan rate of 100 mV/s. The onset oxidation
potential and reduction potential values obtained from CV measurements were used to
calculate the HOMO and LUMO energy levels with the help of the following equation:
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Figure S16. Cyclic Voltammetry plot of Ni-b#c NS obtained in acetonitrile medium with scan
rate of 100 mV/s.

Enomo = -€ [Eox onset + 4.741] eV and E; ymo = -€ [E eq Onset + 4.741] eV.

Similarly, the band gap was calculated using the following formula: E, = Epumo — Enomo,
and the band gap resulted as 2.19 eV for both the frameworks.
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Computational Methods

HOMO and LUMO energies and Dipole moment calculated for amines using Gaussian 09

package and their subsequent geometry optimization was carried out at B3LYP level of
DFT.!
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Figure S17. HOMO and LUMO energy levels of amines analytes.
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Figure S18. Dipole moment of amines analytes.
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Table S2. HOMO and LUMO energies calculated for amines

Enomo (V) Erumo (V)

NH; -5.98 2.32

MA -5.60 2.39

TEA -5.24 2.45

-5.22 2.21
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Table S3. Comparative list of various fluorescent CPs / MOFs including Ni-bzc NS that have

been used for sensing of ammonia in water solvent.

Seri | Metal Organic Analyte Luminescence | LOD Reference

al Framework type

No.

1 Ni-btc NS Ammonia Turn ON 0.00075 | This work
ppm

2 UiO-68(bod) Ammonia Turn ON 0.0065 2
ppm

3 SNNU-88 Ammonia Turn OFF ~1.5 ppm | 3

4 {Cd4(HIDCPy)g]. Ammonia Turn ON NA 4

4DMF .4C,HsN.H,0}

Abbreviation: H;bte = benzene tricarboxylic acid; bod = 2,1,3-benzoxadiazole; SNNU-88 =
magnesium—organic  framework; HRIDCPy =  2-(pyridine-2-yl)-1H-imidazole-4,5-
dicarboxylic acid
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Table S4. Comparative list of various fluorescent CPs / MOFs including Ni-bfc NS that have
been used for sensing of various amines in water solvent.

Serial | Metal Organic Analyte | Luminescen | LOD Reference
No. Framework ce type
1 Ni-btc NS MA Turn ON 0.297 uM This work
DIPA 0.330 uyM
TEA 0.424 pM
2 [{Zn(L)(oba)}.4H,0], | DIPA Turn OFF 6.76 UM
5
[{Cd,2L1/2(nipa)i o (Ha 2.39 uM
O)112}

(DMF);2(H,0) ,

3 Zr-BTDB MA Turn ON 0.066 uM
6

4 [Ln,(L?),(DMF),(H,0) | DIPA Turn OFF 16.4 uM 7

4]. HHO.DMF

TEA 15.7 uM

(Ln = Pr; Sm; Eu; Gd;

Dy; Ho)
5 Al MOF TEA NA 3uM 8

Abbreviation: H;bte = benzene tricarboxylic acid; L = N2 N°-di(pyridin-4-yl)naphthalene-
2,6-dicarboxamide; 4, 4’-H,oba = 4, 4'-oxybisbenzoic acid; 5-Hpnipa = 5-nitroisophthalic
acid; BTDB = 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl) dibenzoic acid; ; H3L? = 5-(2- nitro-
4-carboxylphenyl)isophthalic acid; AI-MOF = Aluminium Metal Organic Framework
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Section S4: Mixed Matrix Membrane (MMM) studies

Figure S19. The EDS mapping image of Ni-btc NS MMM cross section area.
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Figure S21. Visible color change of Ni-btc NS MMM upon exposure to NH; vapors for five
consecutive cycles.
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Figure S22. PXRD of Ni-btc NS MMM after exposure to NHj vapors for five consecutive

cycles.
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Figure S23. FESEM of Ni-btc NS MMM after exposure to NH; vapors for five consecutive

cycles.
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Figure S24. Experimental setup for ammonia sensing from chemical reaction with Ni-btc NS

MMM a) before b) in between and c) after reaction completion
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Figure S25. Results of the fluorescence sensing experiment with model contaminated

wastewater.

Table S5: Model contaminated wastewater study

Spiked NH; (aq.) Found (uM) RC (%)

concentration (uM)

10 9.386 93.86
20 19.711 98.55
30 28.758 95.86

» RC %, Recovery percent
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