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1. Supplementary Figures

Figure S1. Unit cell structure of MIL-100(Fe)!!! viewed along the (110) plane and octahedrons
represent Fe(IIl) complexes. The unit cell of the MIL-100(Fe) framework consists of 8 large
cages (diameter is 2.79 nm) and 16 small cages with a diameter of 2.22 nm (Figure 1b). The
large cage is comprised of 4 hexagonal windows (diameter is around 8.85 A) and 12 pentagonal
windows (diameter is around 4.91 A). On the other hand, the small cage is constructed by 12
pentagonal windows. Each of the large cages are surrounded by 12 small cages and they are
connected through the pentagonal windows. Also, the large cage is linked to each other by
sharing the hexagonal windows and, as a result, form a tetrahedral geometry, which link
together to form a 3D network channel through the hexagonal windows.
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Figure S2. a) N, sorption isotherms of MIL-100(Fe) treated with H;PO,/DMF at room

temperature for 24 and 120 hours. b) The models of intermolecular H-bonding in solution of
H3;PO4-DMF, which indicates H;PO, can be stabilized by DMF at room temperature.!?]
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Figure S3. N, sorption isotherms (left), micropore distribution (middle) and mesopore
distribution (right) of MIL-100(Fe) (a-c) and MIL-100(Fe)-80 (d-f). The N, adsorption data of
MIL-100(Fe) show a type I (microporous) isotherm with a secondary uptake before p/py = 0.1,
which indicates the presence of two kinds of pores.['l While N, adsorption of MIL-100(Fe)-80
exhibits a type IV isotherm. The pore size distribution was calculated by both Horvath-
Kawazoe (HK) for micropore and Barrett-Joyner-Halenda (BJH) for mesopore analytical

methods.
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Figure S4. PXRD profiles a) and XPS spectra b) of as-synthesized MIL-100(Fe) and MIL-

100(Fe)-20, 40, 60, 80.
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Figure SS5. SEM images (left) and EDS profiles (right) of as-prepared MIL-100(Fe), MIL-
100(Fe)-40 and 80.
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Figure S6. 'H-NMR spectra after digestion with deuterium chloride in DMSO solution of
pristine MIL-100(Fe) (a) and MIL-100(Fe)-80 (b). Cyclohexane (1.34 ppm) was added as an
internal standard.
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Figure S7. N, sorption isotherms of as-prepared MIL-100(Fe) and acid treated MIL-100(Fe)

series.
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Figure S8. Pore size distribution profiles of as-prepared MIL-100(Fe) and acid treated MIL-
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Figure S9. N, sorption isotherms of acid treated MIL-100(Fe) for different periods of time (the
acid concentration of 40 mM and the temperature of 70 °C were constant).
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Figure S10. Pore size distribution of acid treated MIL-100(Fe) for different periods of time.
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Figure S11. PXRD profiles of as-synthesized MIL-100(Fe) and acid-treated MIL-100(Fe) for
6h and 12h.

a) 0.10-+ . b) ——20mM
" 0.50 —240mM
o . ——80 mM
E Q
£ I o
— c
® 0.05 ! 3
u B0 . = 0.25 ]
© l o
[} 7]
5 1 3
() I <
a 4 1
- E W s
0.00 = 0.00
T M T M T T T T T v T T T
0 20 40 60 80 100 300 400 500 600
H;PO, concentration (mM) Wavelength (nm)

Figure S12. Analyses of the leached Fe** (a) and BTC ligand (b) during the transformation by
ICP-AES and UV-Vis spectroscopy, respectively.
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Figure S13. FWHM plots calculated based on the SAXS profiles of as-synthesized MIL-
100(Fe) and acid treated MIL-100(Fe) series.
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Figure S14. SAXS profiles of acid treated MIL-100(Fe). (Q < 0.1 A-)
a) 800 b)
. 0.3
:‘; 600 D) o /\
E_ e ___:_‘,\;‘.A:.?_J‘..s‘;.,‘.-.u:. o 3 02 ‘J \
3 400 _.;'.-)"”,V "'"a \
8 &l z \
3 200, ¢ >4 A
= i \\u—“‘"—&_____‘____
o] * 0.0 . —
0.0 0.5 1.0 5 10
Relative pressure (P/P,) Pore diameter (nm)

Figure S15. N, sorption isotherms (a) and mesopore size distribution (b) of H,SO, treated
MIL-100(Fe), (black: pristine, blue: treated by 10 mM H,SO, solution, red: treated by 20 mM
H,SOy solution).

Mesoporous transformation procedure of soc-MOF and MIL-88A
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soc-MOF and MIL-88A were prepared according to the literature procedures.* 4! Dehydrated
soc-MOF or MIL-88A crystals (100 mg) were soaked the H;PO, solution where the acidity
was adjusted in each case. After the acid etching, the crystals were washed thoroughly with
DMF and EtOH 3 times each and dried under vacuum overnight.

Single crystal X-ray diffraction of soc-MOF

Single crystal data of soc-MOF was obtained using a ADSC Quantum 210 CCD diffractometer
located in Macromolecular Crystallography Wiggler Beamline 2D in Pohang Accelerator
Laboratory (PAL). The diffraction data was collected by using synchrotron radiation (I =
0.7000 A) with an exposure time of 10 s per frame and a total of 360 frames using the ADSC
Q210 ADX program that is rotated by the scan width of 1.00 in the w angle at 100 K. The
crystal data was collected to the primitive triclinic lattice system (space group P1) for a full set
data, and it was processed and scaled by using HKL3000. The matched Bravais lattice systems
were concluded to be the cubic lattice system by auto indexing of the collected diffraction
peaks. The crystal structure of soc-MOF was solved by the direct method using the SHELXTL-
XS program and refined by full-matrix least-squares calculations using SHELXTL-XL (Ver.
2008) program package. In the structural refinements, the chemical elements were modified
using the instruction of DISP (the dispersion and the absorption coefficient of particular
elements) at the wavelength of 0.7000 A
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Figure S16. Illustration of channels, cages, and their windows in soc-MOF. a) Unit cell
structure; b) Partial structure of large channels and small windows with a diameter of ~0.35
nm; ¢) Local structure with two kinds of cages.

soc-MOF is a recently reported micro-porous MOF with a space group of P-43n (cubic system)
and a unit cell parameter of a=21.921(3) A. It contains one kind of cage (purple balls, diameter
is around 1.04 nm) and 3D straight channels with shared small windows (diameter =~0.35 nm,
blue circles).[>>%] Therefore, we inferred that H;PO, diffused into the large channel, but not
through the small window.

Window
dyy = ~0.35nm
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Figure S18. Scanning transmission electron microscopy (STEM) images of pristine soc-MOF

(a-b) and H3;PO, treated soc-MOF (c-d).
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Figure S19. Illustration of channels, cages, and their windows in MIL-88A(Fe). The large
channels allow the selective diffusion of H3;PO,, while the small cages maintain their
crystallinity. a) Unit cell structure with cages (orange colour) and channels (purple colour)
viewed along c-axis; b) magnified local structure from a; c¢) side view of the channels with
surrounded cages; d) magnified local structure from c.

Porous MIL-88A has a very large, reversible, swelling effect due to its flexible crystalline

frameworkl®l, which causes its cell volume to almost double (85%) while fully retaining its
open-framework topology. Powder X-ray diffraction data of MIL-88A were collected for
sorption characterization of MIL-88-solvents (dry, EtOH, DMF, H,0) at room temperature and
power conditions (40 kV, 30 mA). Unit cell parameters of all MIL-88A’s were calculated by
the structure-less whole powder pattern fitting (WPPF) in Rietveld analysis (using PDXL-
software) (Table S2).
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Figure S20. N, sorption isotherms (a) and mesopore distribution (b) of pristine MIL-88A and
H3PO4 treated MIL-88A.

Figure S21. STEM images of pristine MIL-88A (a, ¢) and H3;PO, treated MIL-88A (b, d).
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Figure S22. PXRD profiles of pristine (black) and H;PO, treated (red) MIL-88A (a) and soc-
MOF (b).
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2. Supplementary Tables

Table S1. Pore features of as-synthesized MIL-100(Fe) and acid treated MIL-100(Fe) series.

H3PO4 aS'A'BET th CVmicro deeso eDmem
(mmol/ L) 2 3 3 3 (nm) CVmicro/ deeso
(m?¥/g) (cm°/g) (cm°/g) (cm”/g)
0 2020 0.8918 0.8561 0.1059 2.43 8.084
10 1350 0.7647 0.6848 0.3098 3.32 2.210
20 730 0.7113 0.4161 0.5986 4.82 0.695
30 445 0.6216 0.2618 0.5809 5.47 0.451
40 359 0.5981 0.2118 0.5657 6.23 0.374
50 404 0.8287 0.2341 0.8077 8.1 0.290
60 398 1.0162 0.2422 0.9954 9.25 0.243
70 305 1.0598 0.1653 1.0386 13.88 0.159
80 271 1.1556 0.1518 1.1509 18.44 0.134
35.A.BET is the Brunauer-Emmett-Teller (BET) surface area.
bV, is the total pore volume calculated by BET-analysis.
“Vmicro 18 the specific micropore volume calculated by HK-analysis.
AV es0 18 the specific mesopore volume calculated by BJH-analysis.
®D,es0 18 the pore diameter calculated by BJH-analysis.
Table S2. Cell Parameters of the MIL-88A under varied conditions
condition a(A) c(A) volume (A3)
Dried at RT 11.247(2) 14.648(5) 1604.6(6)
DMF/H,0 12.708(2) 13.684(4) 1913.9(6) This work
EtOH/H,0 13.433(6) 13.084(7) 2044.7(9)
H,O 13.652(9) 12.691(9) 2048.3(9)
dried at 423 K 9.26 15.31 1135
as-syn. (dried at RT) 11.18 14.59 1580
C,HyOH 12.46 13.70 1840 Ref. [7]
C,HsOH 13.07 13.30 1970
CH;0H 13.78 12.69 2090
H,O 13.87 12.66 2110
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