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Physical Measurements

Bruker FT-IR spectrometer was used to record infrared spectra. Samples were prepared as
pellets using KBr for IR measurement. Mettler Toledo-TGA 850 instrument was used to
measure the thermal stability in N, atmosphere within the temperature range 30 - 800 °C at
heating rate of 5 °C/min. Elemental analyses were performed in Thermo Scientific Flash 2000
CHN analyser. Powder X-ray diffraction patterns for both CMPs were recorded in Bruker DS
discover instrument using Cu-K o radiation. Morphological studies have been carried out
using Lica-S440I Field Emission Scanning Electron Microscope (FE-SEM) by placing samples
on a silicon wafer under high vacuum with an accelerating voltage of 100 kV. Transmission
Electron Microscopy (TEM) analysis has been performed using JEOL JEM-3010 with an
accelerating voltage at 300 kV. N, adsorption measurements were carried out at 77 K in a
QUANTACHROME QUADRASORD-SI analyser. Samples were degassed at 150 °C and 1 X
10" Pa vacuum for 12 hrs before performing sorption isotherm measurement. All the
photophysical studies were carried out solution state in acetonitrile. UV-Vis studies were
performed using Perkin Elmer Model Lambda 900 spectrophotometer instrument. The
photoluminescence properties were performed in Fluorolog 3.21 spectrofluorimeter (Horiba
Jobin-Yvon) instrument. Absolute quantum yield was measured in solution state using
Edinburgh Instruments Steady State PL Spectrometer. Fluorescence decay profiles were
recorded in a time correlated single photon counting spectrometer of Horiba-Jobin Yvon with

350 — 450 nm picosecond Ti-saphhire laser with 370 nm.

Experimental section:

Materials: All the reagents were commercially available and used as such without further
purification. Zirconium oxychloride octahydrate (ZrOCl,-8H,0, purity > 99.5%) and Benzene-
1,2,4-tricarboxylic acid was purchased from Sigma-Aldrich chemical Co. Ltd. N,N-
Dimethylformamide (DMF), formic acid (purity > 98%) and anhydrous acetone were
purchased from Spectrochem Pvt. Ltd. All the photophysical studies were carried out using
HPLC grade solvents. For column chromatography, solvents were purchased from Finar Ltd,
India and used as such. Deuterated chloroform (CDCl;), water (D,0) and DMSO-D6 was
purchased from Sigma-Aldrich chemical Co. Ltd and used for 'H and 3C-NMR as such.

Single Crystal X-ray Diffraction:

Suitable single crystal of BDI-EE was mounted on a thin glass fiber using commercially

available glue. X-ray single-crystal data were collected on a Bruker Discover D8 diffractometer



equipped with a 2.4 kW sealed tube X-ray source with graphite monochromated Mo-Ka
radiation (A = 0.71073 A) operating at 50 kV and 30 mA. The program SAINT! was used for
the integration of diffraction profiles, and absorption correction was made with the SADABS?
program. All the structures were solved by SHELXT! and refined by the fullmatrix least-
squares method using SHELXL-2017.3 All the hydrogen atoms were fixed by HFIX and placed
in ideal positions. The potential solvent accessible area or void space was calculated using the
PLATON* multipurpose crystallographic software. All crystallographic and structure
refinement data are summarized in Table S1. All calculations were carried out using SHELXI -

20173 and WinGX system, Ver 1.80.05.°

Synthesis:

a). Microcrystalline powder sample of NMOF-808: Microcrystalline powder samples

of NMOF-808 were prepared following a reported procedure.® Benzene-1,3,5-tricarboxylic
acid (HsBTC) (0.21 g, 10 mmol) and ZrOCl2-8H20 salt (0.97 g, 30 mmol) were dissolved in
DMF/formic acid (45 mL/45 mL) and placed in a 1-L screw-capped glass jar and heated at 130
°C for two days. A white precipitate was collected by filtration and washed three times with
200 mL of fresh DMF. As-synthesized NMOF-808 was then immersed in 15 mL of anhydrous
DMF for three days. Notably, during this period, the DMF was replaced three times per day.
The DMF-exchanged compound was filtrated off and immersed in 15 mL of water for three
days in order to exchange the unreacted DMF present inside the pores. Notably, water was also
replaced three times per day. Water exchanged NMOF-808 was then immersed in 15 mL of
anhydrous acetone for three days for exchanging water molecules. and acetone was replaced
three times per day as well. The acetone-exchanged sample was then dried under vacuum for
24 hrs at room temperature followed by activating at150 °C for 24 hrs to yield the desired
compound (Yield: 5.1 g, 76 % based on Zr). 'H solution NMR spectra of digested sample (400
MHz, D,0, ppm) d: 8.09 (s, BTC), 8.15 (s, HCOOH), peak area ratio (BTC: HCOOH) =
6.0:5.0. Anal. Calcd for ZrsC23H18032 = [ZrsOs(OH)3(CoH306)2(HCOO)s].(H20)2: Zr, 40.42;
C, 20.41; H, 1.34%. Found: Zr, 40.3; C, 21.03; H, 1.37%.

b). Gfp chromophore analogues (BDI-AE and BDI-EE): Synthesis of BDI-AE and BDI-EE

has been carried out in two steps as follows;

Ist step: Synthesis of methyl-2-(1-ethoxyethylideneamino)acetate: Synthesis of methyl-2-

(1-ethoxyethylideneamino)acetate was carried out according the reported procedure.” In brief,



ethyl acetimidate hydrochloride (2.5 g, 20.23 mmol), glycine methyl ester (2.54 g, 20.23
mmol), and potassium carbonate (2.80 g, 20.23 mmol) were taken together in 60 ml diethyl
ether. The reaction mixture was shaken for 5 minutes that yielded dispersed mixture. Next,
water (20 ml) was added and further the reaction mixture was shaken for 5-7 minutes. A clear
solution was obtained wherein the desired product was dissolved in the organic layer (diethyl
ether). The organic layer was separated out. Aqueous layer was washed with diethyl ether
thrice. The organic layer was dried over anhydrous sodium sulphate and solvent was
evaporated in rotary evaporator under reduced pressure. A light yellow liquid of methyl-2-(1-
ethoxyethylideneamino)acetate was obtained and used for the next step as such. This
compound was also characterized by 'H, 3C-NMR, and Mass spectrometry. "H NMR (400
MHz, CDCly) 6:1.25 (t, 3H, J = 7.2 Hz); 1.87 (s, 3H); 3.72 (s, 3H), 4.04 (s, 2H); 4.09 (q, 2H, J
=7.2 Hz); BC NMR (150 MHz, CDCl;) 6 : 13.7, 15.2,51.1,51.2,61.0, 165.1, 171.6. ESI-MS+
m/z Calcd. for C;H14NOj3: 160.0974 [M+H]*, found 160.0969.

I1" step: Synthesis of gfp chromophore analogues (BDI-AE and BDI-EE): The synthesis
of BDI-AE and BDI-EE has been performed in similar manner.” The only difference is that
the 4-formylbenzoic acid and methyl 4-formylbenzoate was used for the synthesis of BDI-AE
and BDI-EE, respectively. The compounds 4-formylbenzoic acid (3 mmol) for BDI-AE and 4-
formylbenzoate (3 ~mmol) for BDI-EE were mixed with (methyl-2-(1-
ethoxyethylideneamino)acetate) (6 mmol) in a small amount of ethanol (15 mL). The reaction
mixture was stirred at 65 °C for 6 hrs. A yellow coloured solution obtained which has yielded
yellow precipitate in both cases upon adding the water. The yellow product was washed with
water 2-3 times and then recrystallized in 5 ml solvent mixture of dichloromethane and
methanol (2:3). Single crystal obtained after recrystallization was exploited for X-ray
diffraction. The yield of recrystallized product is 65-70%. The characterization data for both,
BDI-AE and BDI-EE is given below;

BDI-AE: IR (KBr)vmax/cm = 539, 612, 776, 803, 903, 1139, 1221, 1294, 1321, 1367, 1422,
1558, 1649, 1715, 2546, 2679, 2843, 2952, 2998, 3431. 'H NMR (400 MHz, DMSO-D6) 6&:
2.35 (s, 3H, -CH3); 3.72 (s, 3H, -CHa); 3.72 (s, 2H, -CH,); 7.10 (s, 1H, =CHAr); 8.00 (d. 2H,
J=28.3, ArH); 8.32 (d. 2H, J= 8.3, ArH); 11.02 (s. 1H, -COOH). 3C NMR (100 MHz, DMSO-
D6) 6: 15.2,41.2,52.5, 124.1, 129.4, 131.8, 137.9, 147.7, 162.7, 164.6, 166.8. ESI-MS+ m/z
Calcd. for C;sH4N,05: 302.0903 [M+H]*, found 303.0973.



BDI-EE: IR (KBr)vmax/cm' = IR (KBr)vmax/cm-1= 543, 612, 721, 807, 902, 1141, 1223, 1292,
1323, 1365, 1421, 1558, 1651, 1715, 2851, 2955, 2991. 'TH NMR (400 MHz, CDCl3) 6: 2.35
(s, 3H, -CHs); 3.79 (s, 3H, -CH3); 3.93 (s, 3H, -CH3); 4.39 (s, 2H, -CH;); 7.05 (s, 1H, =CHAr);
7.99 (d. 2H, J = 8.2, ArH); 8.12 (d. 2H, J = 8.1, ArH). 3C NMR (100 MHz, DMSO-D6) 3:
23.0,43.2,51.6,55.8,114.2,114.7,127.4,130.1, 131.8, 137.9, 147.7, 162.7, 164.6, 166.8. ESI-
MS+ m/z Calcd. for C;cH;¢N,Os: 316.1059 [M+H]", found 317.1133.
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Scheme S1: Synthetic scheme for BDI-AE and BDI-EE.

¢). Immobilization of gfp chromophore analogues in NMOF-808: Before performing the

post-synthetic modification, NMOF-808 was activated at 150 °C under vacuum for overnight.
Then, 100 mg of activated NMOF-808 was immersed in 10 ml of 0.1M DMF-MeOH solution
(3:1) of gfp chromophore analogue (BDI-AE/BDI-EE) and kept at 60 °C for fifteen days.
Notably, ligand solution was exchanged with freshly prepared 0.1 M solution of BDI-AE/BDI-
EE in every five days. The colourless NMOF-808 was turned to light yellow in colour,
indicating immobilization of gfp chromophore analogue in NMOF-808 either by post-synthetic
ligand exchange (BDI-AE@NMOF-808) or non-covalent encapsulation (BDI-AE@MOF-
808). Now the obtained light-yellow compound was washed with fresh DMF (50 ml) followed
by methanol (100 ml). The obtained compound was dried at 120 °C for 12 hrs and used for

further studies.



Bio-imaging Study:

A 60 mm cell culture dish containing coverslip were seeded with HeLa cells. The cells were
maintained in growth medium (comprising of Dulbecco's Modified Eagle's Medium (DMEM)
(Sigma-Aldrich, D5648) and supplemented with 3.7 g/L sodium bicarbonate (Sigma-Aldrich,
S5761) along with 10% Fetal Bovine Serum (FBS) (Gibco, 10270-106) and 100 units/ml of
Penicillin and Streptomycin (Gibco, 15140-122)) followed by incubation in 5% CO, at 37°C.
The following day, the coverslips were incubated with a suspension of BDI-AE@NMOF-808
for four hours. After the incubation period, the cells were fixed in 4% paraformaldehyde and
permeabilized using 0.25% Triton X-100. The coverslips were then mounted with 7ul of
Vectashield antifade reagent (H-1000/ H-1200, Vector laboratories). For imaging, the BDI-
AE@NMOF-808 particles without the cells, a drop of BDI-AE@NMOF-808 suspension was
directly applied to the slide and mounted with a coverslip and treated with the Vectashield
antifade reagent.

Imaging was carried out using DeltaVision microscope, GE (Olympus 60X/1.42, Plan ApoN,
excitation and emission filter FITC, DAPI and POL, polychroic Quad). Softworx software (GE
healthcare) was used to prepare the microscopy images. The brightness and contrast of the MIP
(Maximum Intensity Projection) images were equally modified in control and test conditions
for the purpose of visualization.

CellTiter-Glo Cell Viability assay:

Toxicity of BDI-AE@NMOF-808 was monitored using CellTiter-Glo Cell Viability assay
(Promega, G7570). Around 1 x 10* HeLa cells were plated in a 96 well plate in growth medium
(comprising of Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich, D5648) which
were supplemented with 3.7 g/L sodium bicarbonate (Sigma-Aldrich, S5761) along with 10%
Fetal Bovine Serum (FBS) (Gibco, 10270-106) and 100 units/ml of Penicillin and Streptomycin

(Gibco, 15140-122)) and then, incubated in 5% CO, at 37°C. The following day, a suspension



of BDI-AE@NMOF-808 was added onto the cells and incubated for 40 hours. At time intervals
of 10 hrs, 5pl of CellTiter-Glo Reagent was added to each well, mixed twice with a multi-well
pipette and the luminescence measured using Varioskan Flash (Thermo Fisher Scientific). A

graph of luminescence values was plotted against time using GraphPad Prism.

Crystal structure of BDI-EE:

Figure S1: Crystal structure of BDI-EE; a) unit cell; b) hydrogen bonding stabilizing crystal
packing.



Table S1: Crystallographic table for BDI-EE

Identification code BDI-EE
Empirical formula Ci6 Hig N5 Os
Formula weight (M) 316.31
Crystal system Monoclinic
Space group P2,/n
a(A) 14.5104(4)
b (A) 7.7533(2)
c(A) 14.7057(4)
o (deg) 90.000
S (deg) 111.8870(10)
7 (deg) 90.000
V (A3) 1535.19(7)
Z 4
T (K) 298 K
A (Mo Ka) 0.71073
Dc (g/cm?) 1.37
g (mm 0.103
Ormin/Omax 2.49/25.72
total data 31843
unique reflection 2925
Rint 0.0413
R? 0.0564
RP 0.2076
GOF 0.803
CCDC No 951963

Photophysical studies: Photophysical studies for monomers (BDI-AE and BDI-EE) were

carried out in acetonitrile at room temperature. All the solutions were made up of 10~ (M)
concentration. At the same time, photophysical studies were performed for BDI-AE@MOF-

808 and BDI-EE@NMOF-808 by making dispersion in acetonitrile.



Lifetime calculations: Lifetime data for all samples (BDI-AE, BDI-EE, BDI-AE@NMOF-

808 and BDI-EE@NMOF-808) were collected upon exciting at 373 nm.? Lifetime data were
fitted using bi-exponential for gfp chromophore analogues (BDI-AE and BDI-EE) and tri-
exponential function for chromophore immobilized in the NMOF-808 (BDI-AE@NMOF-808
and BDI-EE@NMOF-808). The average lifetime is calculated using following formula:
Average life time, T,y,(ns) = (ZAT2/ZAT;)
Where, 74,4 = average lifetime in nano-seconds,
XA = sum of percentage of all the components exist in the excited state,

>t1;= sum of excited state lifetime of all the components

Table S2: Lifetime data

Compound Ai1(%) | ti(ns) | A2(%) | 12(ns) | A3(%) | 13(ns) | Tave(nS)
BDI-AE 47.95 | 0.012 52.05 0.153 - - 0.03
BDI-AE@NMOF-808 3991 | 0.497 50.23 1.092 9.86 2.921 1.49
BDI-EE 42.02 | 0.107 57.98 0.054 - - 0.08
BDI-EE@NMOF-808 28.65 0.206 57.20 0.979 14.15 | 0.037 0.89

Comparison of IR spectrum for NMOF-808. BDI-AE and BDI-AE@NMOF-808:
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Figure S2: Comparision of IR spectra for BDI-AE, BDI-AE@NMOF-808 and NMOF-808.
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Figure S3: Comparision of IR spectra for NMOF-808, BDI-EE and BDI-EE@NMOF-808.

NMR of BDI-EE@NMOF-808:
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Figure S4: "H-NMR spectrum (400 MHz) for BDI-EE@NMOF-808.



FE-SEM for NMOF-808:
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Figure S5: FE-SEM image for NMOF-808.

TEM for BDI-AE@NMOF-808:

Figure S6: High resolution TEM image for BDI-AE@NMOF-808.
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N, adsorption for BDI-EE@NMOF-808:
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Figure S8: N, adsoprtion (77 K) for BDI-EE@NMOF-808 and NMOF-808.

Pore-size distribution for NMOF-808, BDI-AE@NMOF-808 and BDI-EE@NMOF-808:
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Figure S9: Pore-size distribution (PSD) calculated and comparison with NMOF-808 for BDI-

AE@NMOF-808 (left) and BDI-EE@NMOF-808 (right) using N, adsoprtion (77 K) data.



UV-Vis absorption spectra for BDI-AE@NMOF-808 and BDI-EE@NMOF-808:
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Figure S10: UV-Vis absorption spectra for BDI-AE@NMOF-808 and BDI-EE@NMOF-808.

Lifetime plot for BDI-EE and BDI-EE@NMOF-808:
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Figure S11: Excited state lifetime for BDI-EE and BDI-EE@NMOF-808.



Table S3: Comparison table for reported quantum efficiency of gfp chromophore

analogues upon minimizing the internal conversion in different way:

Emission | Quantum

(nm) | Yield (%)* Journal

S. No. Type of molecule

Gfp chromophore analogues
1 stabilized by excited state 605 3.1x1073
intramolecular proton transfer

J. Am. Chem. Soc. 2007,
129 (9), 15, 4535.

Metal complex of gfp chromophore Chem. Commun., 2010,

- -3
3 analogue 424 Ix10 46, 5686.
4 Gfp chromophore analogue inside 516 <1 J. Am. Chem. Soc. 2015,
MOF scaffold - 137,2223
Gfp chromophore analogue
5 integrated in conjugated 515 0.82 Chem. Commun., 2019,

. 55,2837
microporous polymer system

Gfp chromophore analogue grafted
6 coordinatively in nanoscale MOF 560 5.6 Present work
via post-synthetic modification
*The highest quantum yield is reported here among other molecules of that report.
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