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S$1. Starting Materials

All reagents and solvents were used as received from the following vendors: Methyl 4-formylbenzoate
(98%) were purchased from HWRK Chem Co., Ltd., Beijing, China. Ammonium acetate bought from JBT
Aker Inc. Sodium fluoride (99%) got from Aldrich Chemical Company Inc., US. Sodium hydroxide (98%)
purchased from Signa-Aldrich. Perfluorooctanoic acid (96%), acetic anhydride (99%), Vitamin B1 (98%),
anhydrous  indium  chloride  (299%) purchased from  Alfa-Aesar.  1,2,4,5-Tetrakis(4-
carboxyphenyl)benzene (Hjtcpb) was bought from Kaiyulin Chem. Co., Ltd. Shanghai China. 2,3,5,6-

Tetrakis(4-carboxyphenyl)pyrazine (Hstcpp) was synthesized by the reported method."

Ice acetic acid (99%), tetrahydrofuran (99%), diethyl ether (98%), methanol (99.9%), ethanol (99.8%), N,
N’-dimethylacetamide (DMA, 99%) and formic acid got from VWR Scientific Inc., US. Ultrapure, deionized
water was obtained through a Direct-Q Water Purification System (EMD Millipore) at a 0.5 L min-! flow

rate, and was used for all detection and uptake experiments.
S2. Instruments and Material Characterization
2.1 N, sorption measurements

N, adsorption isotherms of outgassed In(tcpp) or In(tcpb) were collected on a Quantachrome Instruments
Autosorb-1 MP volumetric gas sorption analyzer using ultra high purity nitrogen gas (99.999%). Liquid
nitrogen was used as coolant to achieve cryogenic temperature (77 K). The N, isotherms were collected
in a pressure range from 107 to 1 atm. The pore-size distribution was calculated by BJH method using a

DFT program.
2.2 Thermogravimetric analyses (TGA)

TGA was performed using a TA Instrument Q5000 under constant N, flow (20 mL min-'). Approximately
3 mg of sample was placed into a platinum pan, which was then heated from 50 - 600 °C at a rate of 10

°C min-".
2.3 Fourier transform infrared (FTIR) spectra

FTIR spectra were obtained by Bruker TENSOR 27 Fourier transform infrared spectroscopy. The FTIR
spectroscopy was used to identify the different functional groups in Hstcpp, In(tcpp), and the In(tcpp)

exposed in the F- and PFOA. For these measurements, the powder was gently pressed onto a KBr pellet



(~1 cm diameter, 1-2 mm thick) for FTIR analysis.
2.4 Structural analysis of In(tcpp)

Single crystal X-ray diffraction data for In(tcpp) were collected on a Bruker D8 diffractometer with
PHOTON 100 detector using the synchrotron source (A = 0.7749 A) at the Advanced Light Source 11.3.1
Chemical Crystallography beamline (Table 1). All non-hydrogen atoms were refined anisotropically;

hydrogen atoms were placed geometrically, constrained, and refined with a riding model.
2.5 Powder X-ray Diffraction (PXRD) analysis

PXRD analyses were performed using a Rigaku Ultima-IV- diffractometer at room temperature under Cu
Ka radiation (A = 1.5406 A). Data were collected 3 - 37.5° 28, with the operating power set to 40 Kv/44

Ma. The scan rate was 2° 26 min!, with a step size of 0.02° 26.
2.6 UV-visible diffuse reflectance spectra

UV-vis spectra were obtained for the as mentioned in solid or liquid state at room temperature using

Shimadzu UV-3600 spectrophotometer.
2.7 Luminescence spectra and internal quantum yield

Using a Varian Cary Eclipse spectrophotometer, excitation and emission spectra were collected for as-
made, activated solid samples and liquid samples of MOFs and ligands. Absolute internal quantum yield
(1QY) in solid state was measured using a Hamamatsu C9220-03 spectrophotometer with integrating

sphere.

S3. DFT Calculation Details

Calculations were performed at the DFT level in VASP2 3 with the vdW-DF exchange-correlation
functional*7 in order to capture the long-range van der Waals interactions between the guest molecules
(PFOA, NaF, and HF) and both the In(tcpp) frameworks. Optimizations were performed until SCF loops
reached an energy convergence of 1x10-5 eV and forces were below 1 meV/ A for each atom. Only the I'-
point was considered with a plane-wave energy cutoff of 600 eV. To calculate photoluminescence
intensity, we calculate the oscillator strength (f;) as follows:®°
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where e and mg are the charge and mass of the electron, h“’if = &~ &jis the energy difference between
electronic states i and j, {R/(t)} is the set of all ionic positions at time ¢, and Djj is the transition dipole
moment. The oscillator strength gives us the probability of an optical transition occurring. To model
photoluminescence, we run ab initio molecular dynamics (AIMD) at room temperature after a 200-fs
thermalization. A 1-fs time step is used for a 1-ps trajectory, giving 1000 data points of photoluminescence
intensity by using the normalized oscillator strength values for intensity. It is important to note that this
methodology cannot capture photoluminescence due to exciton formation. We use the scissor rs operator
to match the experimentally observed optical band gap of 400 nm for In(tcpp) as DFT is known to
underestimate band gaps. Full computational details for this methodology to model photoluminescence is

reported elsewhere.!® Vibrational modes and frequencies for the F@In(tcpp) model were calculated using

a finite differences method in VASP with a displacement of 0.01 A.

For F@In(tcpp) DFT calculation the guests are sufficiently small to use the primitive unit cell (64 atoms).
Because F- is experimentally introduced into the MOF as NaF salt, both Na* and F- are included in the

model. Numerous starting configurations of Na*, F-, and Na*F- were tested.

For PFOA@In(tcpp) the size of the PFOA molecule necessitates the use of supercells of In(tcpp) in order
to model the 6 different ways PFOA could fit inside the MOF pores. Botha2 x 1 x 1 and 1 x 2 x 1 supercell
(128 atoms) were implemented, and only 2 of the models showed an energetically favorable binding
energy (calculated as Epinding = Eproa@in(tepp) ~ Eproa = EMOF). Both favorable models were in the 2x1x1

supercell and had nearly identical energetic favorability.



S4. Figures and Tables

Fig. S1 Crystal images of (a) In(tcpp) and (b) In(tcpb).
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Fig. S2 The PXRD patterns of In(tcpp): simulated, as-made, and activated samples.
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Fig. S3 The PXRD patterns of In(tcpp) and In(tcpb).
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Fig. S4 (a) The N, adsorption and desorption isotherms of In(tcpp) collected at 77 K, adsorption: e, de-

sorption: o. (b) The pore size distribution of In(tcpp).
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Fig. S5 (a) The BET adsorption and desorption isotherms for In(tcpb), adsorption: e, de-sorption: o. (b)
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Fig. S6 Thermogravimetric (TG) profile of the as-made and activated In(tcpp) sample.
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Fig. S7 TG profile of the as-made and activated In(tcpb) sample.
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Fig. S8 The PXRD patterns of In(tcpp) after soaked in water, pH 2 and 12 solutions for 24 h, and heated

at 200 °C for 2 h.
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Fig. S9 The BET adsorption and desorption isotherms for In(tcpp), adsorption: e, de-sorption: o. (a) pH 2

(b) pH 10, and (c) 200 °C treated.
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Fig. S10 PXRD patterns of the In(tcpb) sample after being soaked in water, pH 2 and pH 11 solutions

for 24 h, or heated for 2 h at 200 °C.
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Fig. S11 UV-vis absorption spectra of the as-made In(tcpp) and Hatcpp.
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Fig. S12 The 3D mapping spectra of (a) In(tcpp) and (b) Hatcpp to show the most suitable excitation and

emission energies.
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Fig. $S13 The room temperature emission spectra of In(tcpp) and Hatcpp under 280 nm excitation.

56°

Fig. S14 The dihedral angle of (a) free Hstcpp ligand and (b) tcpp in In(tcpp). (Color code: C, black; N,
blue; 0, red; In3+, green; H, light yellow.)
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Fig. S15 UV-vis absorption spectra of In(tcpb) and Hatcpb.
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Fig. S16 The 3D PL mapping spectra of (a) In(tcpb) and (b) Hatcpb.
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Fig. S17 The emission spectra of In(tcpb) and the ligand Hatcpb under 270 nm excitation.
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Fig. S18 PXRD patterns of (a) as-made In(tcpp), (b) In(tcpp) soaked in 1 mM F- solution for 24 h.
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Fig. S19 The PL response of In(tcpp) to F- as a function of time: (a) luminescence spectra and (b) the

luminescence intensity.

5.0x10° b 0254 -
- 0.241 .
:i 4.5"106' T 0.234 .
(11
> 4.0%10°; ©0.22; .
= 0 _— .
g 3_5,‘106_ = 0.21-
= 0.20- -
= 3.0x10°4 .
019 .
6]
2.5x10 018l -
375 200 235 20 2 4 6 8 1012 14 16 18

Wavelength / nm Concentration / pM

Fig. S20 (a) PL spectra of the In(tcpp) samples at low concentrations of F- solution from luminescence

titration experiments. (b) 1/l as a function of F- concentration for samples in (a).
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Fig. S21 PXRD overlay of the In(tcpp) samples, demonstrating the stability when exposed to PFOA of 1

mM.
a 7.5%10° b 1.10
1.05-
5 7-0%10°; 0
m' 1.00 - . g
- . -
> - ]
= 6.5%10° = 0.95- .
§ 40 uM "
= 0.901 .
6.0%10° {
0.854
5.5%10% L— T ¥ 0.80 . r x r r
380 400 420 0 10 20 30 40
Wavelength / nm Concentration / pM

Fig. S22 (a) Emission spectra of In(tcpp) at low concentrations of PFOA solution. (b) The /I, as a function

of PFOA for samples in (a).

14



a 10000 b
P2 1.2x100{ PH10
80001
; . 1.0x10% 4
3 3
< 6000 = 3.0x10°
2 2z \
2 B §,0x10°
S 1 c
;s 4000 f
= £ 4.0%10%1
THrEHTETELILI5 4 005% toigiidddaik
\&"’é ?é?#c?(f.d'eq'_qvkk \é‘fi’ "@“’gc?c?éd"vq"«‘“
Q Cation 3 Cation
C 10000 d 12000
PH3 pH 10
8000 10000+
3 3 8000
& 6000 s
-? g‘ 6000
£ 4000 - g
2 3
E £ 40004
2000”””””””””. 2000
0- £ § ; ’ . N . s A 0- - - - -
S & o é,“« < ‘ao' o?' igov qc,, & & eu--, eoq, & ‘?, UQ:Q%O\- & & & &

Fig. S23 The selectivity of F- among different anions and cations (1 mM) in pH 3 and pH 10 solutions.
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Fig. S24 The PL response of In(tcpp) to NaF in pH 3 and pH 10 solutions.
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Fig. $25 The In(tcpp) PXRD patterns after five cycles F- treated process.
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Fig. S26 The PFOA removal efficiency of In(tcpp) in different pH solutions.
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Fig. S27 The 'H NMR of Hytcpp before and after NaF addition.
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Fig. 831 (a) Optimized structure of HF@In(tcpp) highlighting H* and F- interactions. (b) The charge

rearrangement (at an isolevel of 0.002 eV A-3) shows significant interaction of HF with Nicpp.

Fig. $32 Simulated interaction sites between NaF and In(tcpp). Na* interacts with the Ny, site, resulting

in a positive binding energy (unfavorable adsorption).
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Fig. S35 The Raman spectra of PFOA@In(tcpp) and In(tcpp).

Fig. S36 Most favorable interaction configuration between PFOA and In(tcpp). PFOA mainly interacts with
the Nipp linker via H bonding with a bond length of 1.48 A. In addition, a similar interaction of the Nicpp
linker with an F@PFOA is also observed with a bond separation of 1.682 A. Various other binding

configurations were also considered, but we present here only the most favorable one.
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Table S1. The single crystal data of In(tcpp).

Empirical formula [Inz(tcpp)(OH):]

Formula C16HoNOsIn

Formula Weight 410.06

Temperature/K 298(2)

Crystal system (0]

Space group Cmmm

alA 7.2195(3)

b/A 22.5222(10)

c/A 15.7802(5)

a/° 90

pr° 90

v° 920

Volume/A3 2565.85(19)

z 4

dealc/g cm3 1.062

p/mm- 0.987

F(000) 804.0

Radiation/A CuKa (A =0.7288)

0 range for data collection/° 2.647 to 31.434

Index ranges -9<=h<=10, -32<=k<=31, -22<=[<=22
Reflections collected 17781

Independent reflections 2229[Rj = 0.0738]
Data/restraints/parameters 2229/0/83

Goodness-of-fit on F~ 1.100

Final R indices [I>2sigma(l)] R4 =0.0337, wR, = 0.0879
Final R indices (all data) R4 =0.0394, wR, = 0.0942
Largest diff. peak and hole/e A-3 0.599 -0.674

CCDC No. 2057107
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Empirical formula [Ino(tcpb)(OH),]

Formula C34H2004glNn>

Formula Weight 818.14

Temperature/K 293.00(2)

Crystal system Orthorhombic

Space group Cmmm

a/A 7.1852(2)

b/A 22.1619(7)

c/A 16.1168(5)

a/° 90

B/ 90

v/° 90

Volume/A3 2566.40(13)

z 2

dcaic/g cm3 1.059

p/mm-? 7.490

F(000) 804.0

Radiation/A CuKa (A = 1.54184)

0 range for data collection/° 3.9680 to 78.3950

Index ranges -4<=h<=8, -23<=k<=27, -20<=I<=17
Reflections collected 4842

Independent reflections 1566[Rint = 0.0331]
Data/restraints/parameters 1566/8/65

Goodness-of-fit on F2 1.320

Final R indices [I>2sigma(l)] R, =0.0463 , wR, = 0.1688
Final R indices (all data) R4 =0.0503 , wR, = 0.1742
Largest diff. peak and hole/e A3 1.393 - 1.252

CCDC No. 2057106

Table S2. The single crystal data of In(tcpb).



Table S3. LODs of different materials used for luminescence-based F- detection.

Name Materials type LOD Ref.
SION-105 MOFs 0.1 ppm 11
Eu-MOF 1 MOFs 2 uM 12
NH,—-MIL-101(Al)@DCF MOFs 0.05 uM 13
2-(thiazolyl-2-salicylaldimine)coumarin molecule 0.11 um# 14
(E)-2-[(pyridin-2ylimino)methyl]phenol molecule 14 pM 15
4-Methyl Halide Phenolate Derivatives molecule 25 uM#2 16
Probe | molecule 73 nM 17
Mito-PF molecule 4.642 uM#3 18
sensor L molecule 0.806 M 19
MPIPIC molecule 0.02mg L 20
APBA-CulnS2 QDs quantum dots 1.2 ymol L 21
CDs/-cd quantum dots ~6.6 uM. 22
DL-PQDs quantum dots 3.2 uM 23
AgNP-MPBA graphene oxide 9.07 pM 24
GO-Fe (Ill) graphene oxide 1.0 pM 25
TPA nanozymes 0.64 uM 26
CeO; nanozyme nanozymes 1.8 uM 27
MPBA-AuNPs nanoparticles 0.345 uM 28

Note: #1 in MeCN, #2 in DMSO/ACN/H0, #3 in DMSO/PBS.
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Table S4. LODs of different types of materials used for perfluorinated pollutants detection.

Name Material type LOD Ref.
F-MOF MOFs 26ngL™ 29
UCNPs COFs 0.15 pM 30
Guanidinocalix[5]arene molecule 26.4 £+0.2 nM 31
TPE-chip molecule ~0.2 ppb& 32
SeN-CQDs quantum dots 1.8 uM 33
CdTe@CdS QDs quantum dot 25 nM 34
MoS,/Fe;04 nanocomposites 8.6 nM 35
MIP@AgI-BiOINFs hybrid 0.01 ppb 36
smartphone APP Reading-kit and APP 0.5 ppb 37
&in acetone/water
Table S5. Elemental analysis based on XPS spectra of NaF@In(tcpp).
Elements Area CPS/eV Atomic %
C1s 112792.75 60.15
N 1s 7054.48 2.33
O1s 133672.43 26.93
In 3d 254130.54 4.43
F1s 38528.66 5.83
Na 1s 4442.93 0.34
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Table S6. Experimental and calculated vibrational frequencies for F-in In(tcpp).

Frequency / cm™!

Vibrational Mode In(tcpp)

Computational/Experimental

Na*F-@In(tcpp)

Computational/Experimental

O-H Stretch 3838/3698

O-H Bend 1004/988

2153/not detected

1271/1301
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