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Section S1: Materials and Analytical Techniques

Chemicals and Materials

Copper(l) iodide (Cul, = 99.5%), 1,8-diazabicylcloundec-7-ene (DBU, > 99.0%), sodium
hydroxide (NaOH, reagent grade, > 98%), trimesic acid (H;BTC, 95%), iron (III) acetylacetonate
(Fe(acac)s, >99.9%), iron (III) nitrate nonahydrate (Fe(NO;);-9H,0, >99.9%), poly(vinylidene
fluoride) (PVDF, average Mw ~534,000 by GPC), lithium hexafluorophosphate solution (LiPFg,
1 M, in ethylene carbonate (EC) : diethyl carbonate (DEC) = 1:1, v/v), Celgard 2400, and
hydrochloric acid (HCL, 1 M) were obtained from Sigma-Aldrich. Methyl-4-iodobenzoate (98%),
bis(tripheny-phosphine)palladium(Il) chloride (PdCly(PPhs),, 98%), diethylamine (DEA,
99.5%), trimethylsilylacetylene (98%), dicobalt octacarbonyl (Co,(CO)g, 95%), anhydrous 1,4-
dioxane (99.8%), anhydrous tetrahydrofuran (THF, 99.85%), anhydrous methanol (MeOH,
99.5%), and N,N-dimethylformamide (DMF, 99.8%) were purchased from Acros Organics.
Anhydrous dichloromethane (DCM), ammonium chloride (99.998%), anhydrous sodium sulfate,
N-methyl-2-pyrrolidone (NMP, 99.5%), and glacial acetic acid (CH3;COOH, >99.85%) were
obtained from Merck Chemical Co. Carbon black Super P (99+) was obtained from Alfa Aesar.
Copper foil (thickness 12 pm, >99.9%) and lithium foil (thickness 0.1 mm, >99.9%) were
purchased from Tob New Energy Company. Diethylamine and deionized water (ultrapure, 17.8
MQ-cm resistivity, obtained from a Barnstead Easypure II system) were degassed with a stream
of N, for 5 min prior to addition into the Sonogashira coupling reactions. All other chemicals

were used without further purification unless otherwise noted.

Synthesis of Fe-MIL-100. Fe-MIL-100 was synthesized following previous works with slight
modifications.3!S2 Fe(NO3);-9H,0 (3.26 g, 9.2 mmol) and trimesic acid (1.13 g, 5.4 mmol) were
dissolved in 40 mL water. The reactant mixture was stirred at room temperature for 1h and
accordingly loaded in a Teflon-lined pressure vessel. The reactor vessel was heated up to 160°C
for 12h to produce a light orange solid. The solid was filtrated, washed with deionized water (3 X
10 mL), and treated in hot deionized water (10 mL, ~80°C) for 3h to eliminate the residuals iron
salt and H3;BTC linker. The MOF solid was then dried at room temperature for 18 h, followed by

heating at 80 °C under vacuum for an additional 24 h.

Analvtical Techniques
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Optical microscope images were collected on Nikon SMZ1000 Zoom Stereomicroscope.
Elemental microanalyses (EA) were performed on a LECO CHNS-932 Analyzer. Thermal
gravimetric analysis (TGA) was performed on a TA Q500 thermal analysis system with the
sample held in a platinum pan in a continuous airflow. Field-emission Scanning Electron
Microscope (FE-SEM) was performed on an ultralow voltage imaging with Hitachi's S-4800 FE-
SEM operating at an accelerating voltage of 1 kV. Energy dispersive X-ray analyzer (EDX) was
conducted on a Horiba H-7593.

S4



Section S2: Characterizations, Powder X-Ray Diffraction and Structural Refinement of

Fe-CPB

Figure S1. Optical microscope image of Fe-CPB.

S-4800 1.0kV 7.8mm x800 SE(M) 50.0um

Figure S2. SEM image of Fe-CPB.
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Table S1. Unit cell parameters and fractional atomic coordinates for the refined crystal Fe-CPB.

Empirical formula, Space | Cg4HsgFesN4O,9, P2/c
group
Refined unit cell a = 281854 A, b = 15.6499 A, ¢ = 13.5063 A, o =y =
90.0000°, B = 98.8648°.
Pawley refinement R, = 3.70%, R,,, (W/o background) = 4.48%, R, = 1.82%
Atom label Atom type | x y z Site Occupancy
Fe3 Fe 0.32852 -0.03371 0.5913 1
Fe4 Fe 0.34647 -0.06143 0.84129 1
Fel Fe 0.17428 0.45889 0.8682 1
Fe2 Fe 0.17131 0.47138 0.61962 1
019 o 0.32 0.05124 0.47024 1
013 o 0.3556 0.90351 0.71015 1
02 O 0.15449 1.41183 0.73616 1
C50 C 0.00155 0.56292 0.93208 1
HS50A H -0.01507 0.58593 0.87052 1
H50B H 0.02142 0.60646 0.96737 1
H50C H -0.02134 0.54347 0.97283 1
09 O 0.19178 0.546 0.98781 1
O11 o 0.24509 0.4617 0.8364 1
012 o 0.23646 0.51931 0.68359 1
0O15 O 0.37514 0.05827 0.8302 1
03 o 0.25854 1.00681 0.61804 1
016 o 0.36794 0.06515 0.66448 1
05 O 0.13265 0.58154 0.62683 1
O14 O 0.4013 0.92085 0.59456 1
04 O 0.27666 1.00503 0.78309 1
01 o 0.10712 1.41798 0.59246 1
08 O 0.19285 0.35426 0.96261 1
017 O 0.41667 -0.09579 0.91548 1
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Figure S3. Crystal structure of as-synthesized Fe-CPB with the presence of coordinated DMF.
Color code: Fe, orange polyhedra; C, black; O, red; N. green. All H atoms are omitted for clarity.
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Figure S4. Comparison of the simulated (black) PXRD pattern from the single crystal data with
the experimental as-synthesized (blue) and activated (red) PXRD patterns of Fe-CPB.
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Figure S5. TGA traces of activated Fe-CPB at a heating rate of 5 °C min! under air flow.
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Section S3: Gas Adsorption Studies of Fe-CPB
Gas selectivity calculated by Henry’s Law

Virial-type equation was employed for estimation of Henry’s constant:

lnP:lnN+%iaiN[ + ibl.N[

i=0 i=0

Where P is pressure, N is the adsorbed amount, 7 is temperature, a; and b; are virial coefficient,
and m and n are the number of virial coefficients required for adequate fitting of the isotherms.

As a result, Henry’s constant (Kj) at the temperature 7 can be calculated:

Ky = exp(— b ) exp(— ao/T)
The Henry’s Law selectivity for gas component i over j is calculated:
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Figure S6. CO, isotherms for Fe-CPB at 273 (red), 283 (green), and 298 K (blue). Filled and
open symbols represent adsorption and desorption branches, respectively. The connecting curves

are guides for the eye.
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Figure S7. CH, isotherms for Fe-CPB at 273 (red), 283 (green), and 298 K (blue). Filled and
open symbols represent adsorption and desorption branches, respectively. The connecting curves

are guides for the eye.
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Figure S8. N, isotherms for Fe-CPB at 273 (red), 283 (green), and 298 K (blue). Filled and open
symbols represent adsorption and desorption branches, respectively. The connecting curves are

guides for the eye.
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Section S4: Electrochemical Studies of Fe-CPB

(A)

Figure S9. Possible sites for Li" insertion at (A) the iron-oxo cluster and (B) the organic CPB
linker of Fe-CPB.

700
600
500

400 (o 4

2000 mA g

100 mA g~

300 -

200 L —a— charge
i —o— discharge
100 - _

Specific capacity / mAh g

0 10 20 30 40 50 60 70 80 90
Cycle number

Figure S10. Rate capability of Fe-CPB at different current densities
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Figure S11. Comparison of the simulated (black) PXRD pattern from the reported structure data
with the experimental activated (blue) PXRD of Fe-MIL-100.
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Figure S12. The cycling performance of Fe-CPB and Fe-MIL-100 at the current density of 100

mA g!. Filled and open symbols represent discharge and charge processes, respectively.
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Table S2. Comparison of pristine MOFs as anodic materials for lithium-ion batteries.

# MOF (wt%) Capacity/ Current Cycle | Capacity/mAh Ref.
mAh g! density/ | number | g @ Highest
mA g! current/mA g!
1 Fe-CPB 634 100 100 416@ 2000 This
(60 wt%) work
2 Fe-MIL-88B 744.5 60 400 ~200@?2 000 [S3]
(60 wt%)
3 Mn-BTC 600 103 100 250@ 2061 [S4]
(70 wt%)
4 Pb-BTC 625 100 150 190@ 2000 [S5]
(80%)
5 Co-L1 617 100 200 346(@ 1000 [S6]
(80 wt%)
6 Li-MOF 458 100 80 - [S7]
(60 wt%)
7 Zn;(HCOO), 560 60 60 265@ 3000 [S8]
(70 wt%)
8 Zn(Im), s(abIm) s ~190 100 200 75@ 400 [S9]
(70 wt%)
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Section S5: Post-Cycling Characterizations of Fe-CPB

The ethylene carbonate solvent reduction reaction proceeds as follows:
(CH,0),CO + ¢~ = [(CH,0),CO]~

2[(CH,0),CO]~ = C,H4 + CH,(OCO,)~CH,(0OCO,)~

CH,(0CO,)~CH,(OCO,)~+ 2 Li* = CHy(OCO,)LiCH,(OCO,)Li

W\\NMA after 100 cycles
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5 10 15 20 25 30 35 40 45 50
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Figure S13. PXRD of pristine Fe-CPB and cycled Fe-CPB electrode after 100 cycles.
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Figure S14. FTIR of pristine Fe-CPB and cycled Fe-CPB electrode after 100 cycles.
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Figure S15. SEM images of cycled Fe-CPB electrode after 100 cycles.
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Figure S16. SEM-EDX analysis of recycled Fe-CPB electrode after 100 cycles
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