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S1. Experimental Methods

H,S Saturation Experiments
The H,S saturation system (depicted in Figure S1) comprises two main components:

A. The Gas Generator: Fe,S; is placed in a two-neck round-bottom flask [1]. One neck is
sealed with a rubber stopper through which concentrated HCI is introduced using a glass
syringe [2], while the other neck connects to the saturation chamber.

B. The Saturation Chamber. This component consists of a round flask [3] connected to

both a vacuum line [4] and a pressure gauge [5].

First, approximately 15 mg of the sample in a 1.5 mL glass vial is activated in a sand
bath at 100 °C under vacuum for 12 hours. The vial is then transferred to the saturation
chamber, and the system is evacuated using the vacuum line. H,S gas is generated by
slowly dripping concentrated HCI onto Fe,S3. Then, the SU-101 sample is exposed to

H,S gas continuously for 4 and 12 hours.

S TSR

Figure S1. Photograph of the custom setup for in situ H,S saturation experiments.

H,S Adsorption Measurements

H,S experiments were conducted using an HP 5890 gas chromatograph with continuous
injections of the system exhaust. A single chromatogram was obtained for each injection,
and the H,S signal from each chromatogram was integrated for quantification. Given the
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known H,S concentration in the feed, the H,S concentration was calculated for each
injection, assuming that the saturation concentration equals the original feed
concentration. Dynamic breakthrough experiments were performed using a homemade

system.

SU-101 was activated in situ at 120 °C for 2 hours with a constant flow of dry N, (25
mL min-1, ultrapure grade 99.98% N,, Praxair) and then gradually cooled to 25 °C. The
H,S concentration was regulated using a mass flow controller with two lines: dry N, and
a 15% vol H,S/N, mixture. The gas mixture for the H,S experiments was set at 10 vol%
H,S with a flow rate of 25 mL min-'. The breakthrough experiments were conducted at 25
°C, and the downstream flow was analyzed using gas chromatography. The sample was

reactivated at 25 °C for 15 minutes under a flow of dry N (25 mL min-').

The H,S adsorption capacity for each cycle was calculated using Eq. S1, where Vs
represents the volumetric capacity of H,S (cm3 g-'), m is the adsorbent mass (g), F is the
input flow rate (cm3 min-'), C; and C; are the influent and effluent H,S concentrations,

respectively, (vol%), and t is the time (min).
F t

The adsorption column is equipped with a porous glass bed; therefore, a blank run was
conducted before each experiment to account for the column's inherent adsorption
contribution. Subsequently, the material-corrected volumetric capacity, Vuzscor, Was

calculated for each cycle using Eq. S2.

VHZS,corr = VHZS,blank - VHZS,sample (52)

The H,S adsorption capacity is reported as gy2s (mol g'). This value was approximated
using the corrected volumetric adsorption capacity Vs corr (cm? g1) and the ideal gas
law, expressed as Eq. S3. Here, p is the system pressure (77.3 kPa), T is the
measurement temperature (298 K), and R is the ideal gas constant (8314.4598 cm?3 kPa
K-" mol).

VHZS,corr p

s =R ¢
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S2. Additional Characterization and Results
Characterization of SU-101
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Figure S2. X-ray diffraction pattern of the as-synthesized and simulated SU-101.
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Figure S3. Breakthrough curve of H,S adsorption using SU-101 at 298 K and 1 bar.
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Characterization of SU-101 after exposure to H,S

SU-101-4h
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Figure S4. X-ray diffraction pattern of the as-synthesized SU-101 before and after
exposure to H,S gas for 4 hours.
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Figure S5. X-ray diffraction pattern of the SU-101-Sat sample. The simulated pattern of
the SU-101 MOF is obtained from Ref. 1.
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Figure S6. Elemental analysis of the SU-101 MOF samples using total-reflectance X-ray
fluorescence (TXRF). Mass percentages were determined by applying an automatic
baseline and selecting the detected elements with the Bruker analysis software. Note: the
subtle peak at ~2.25 keV in the as-synthesized SU-101 sample does not correspond to
sulfur but is a satellite bismuth peak. The sulfur peak is located at 2.3 keV (see spectra
for SU-101-4h and SU-101-Sat).

Table S1: Elemental compositions of SU-101 samples from TXRF analysis.

Mass (%) Atom (%)
Sample
C o S Bi C o S Bi
SU-101 (pristine) 12.93 14.23 0 7284 46.52 3842 0 15.06
SU-101-4h 547 9.89 6.63 78.02 2754 37.38 1250 22.58
SU-101-Sat 567 11.21 1126 7185 2528 3751 1880 18.40

Note: values represent the average from three separate measurements.
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Figure S7. Raman spectra of the SU-101 MOF before and after exposure to H,S for 4
and 12 hours.
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Figure S8. XPS characterization of the as-synthesized SU-101 sample: (a) XPS survey,
(b) C 1s region, (c) O 1s region, and (d) Bi 4f / S 2p regions. The labels indicate the
specific bonds of the functional groups related to each component fitted to the spectra.
Green, red, yellow, and blue tones refer to carbon-, oxygen-, sulfur-, and bismuth-based

groups.
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Figure S9. XPS characterization of the SU-101 sample after exposure to H,S for 4 hours:
(a) XPS survey, (b) C 1s region, (c) O 1s region, and (d) Bi 4f / S 2p regions. The labels
indicate the specific bonds of the functional groups related to each component fitted to
the spectra. Green, red, yellow, and blue tones refer to carbon-, oxygen-, sulfur-, and
bismuth-based groups.
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Figure S10. XPS S 2s regions for the SU-101 MOF (a) as-synthesized, (b) saturated for
4 hours, and (c) saturated overnight with H,S. The labels indicate the specific bonds of
the functional groups related to each component fitted to the spectra. Yellow tones refer
to sulfur-based species.
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Figure S11. Proposed reaction mechanism for the formation of polysulfides mediated by
the SU-101 MOF in the presence of H,S gas. Color code for atoms: red — oxygen, blue —
bismuth, yellow — sulfur, white — hydrogen.
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Additional Battery Testing Results

a

Figure S12. Preparation of MOF-containing cathodes and cell coin assembly: (a)
photograph depicting the cathode slurry uniformly applied onto aluminum foil, serving as
the current collector. (b) Photograph of the assembled coin cell attached to the battery
holder during electrochemical measurements.
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Table S2: Battery data reporting checklist.

Components and Setup

Active material SU-101 (active mass: 0.359 mg)

Theoretical capacity 1672 mA-h g

Additive Carbon black (Super P, TIMCAL)

Binder Polyvinylidene fluoride (PVDF)

Electrolyte DOL:DME 1:1 vol., 1 M LiTFSI + 0.2 M LiNO3
Current collector Aluminum foil

Separator Celgard 2400, thickness: 25 um

Testing setup type Coin cell (full cell mode)
Anode Li metal Cathode SU-101 MOF/AI foil
Electrode thickness 8 pm

Electrode size Discs with a diameter of 13 mm
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Figure S13. Galvanostatic charge-discharge curves of the SU-101 MOF cathodes after
cycling at a C/2 rate (0.5 A g') between 1.5 and 3.0 V vs. Li/Li*. Electrolyte: 1 M LiTFSI
+ 0.2 M LiNO3 in DME:DOL 1:1 solvent.

Supporting note: The galvanostatic charge-discharge (GCD) curve illustrates the
change in cell potential as the battery is charged and discharged at a specified current
(C-rate), normalized by the active mass of the cathode. In Figure $13, the battery is
charged from 1.5V to 3.0 V vs. Li/Li*. Then, the battery is discharged at the same C-rate
back to 1.5 V vs. Li/Li*, completing one cycle. The apex of the curve marks the point at
which the battery is fully charged before commencing discharge. The x-axis represents
time, allowing for the determination of the charge and discharge durations, as well as the
total cycle time. Specifically, Figure S13 displays the charge and discharge profiles from
the 100t cycle during cycling performance tests.
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Figure S14. Cycling performance of the SU-101 MOF cathodes (a) saturated for 4h and
(b) saturated overnight. The left axis indicates the capacity, while the right axis displays
the coulombic efficiency. Discharge (black spheres) and charge (blue spheres) profiles
are plotted concurrently. Cycling was conducted at a C/2 rate (0.5 A g').

Supporting note: Cycling performance plots depict the capacity decay across numerous
cycles. The capacity, representing the electric charge, is derived from a single GCD curve
(such as Figure S13) by multiplying the C-rate (i.e., 0.5 A g') by the time taken to
complete a charge (indicated by blue spheres) or discharge (indicated by black spheres)
step. The observed decay indicates that the battery stores less charge with extended
cycling, leading to quicker completion of each charge/discharge step if the C-rate remains
constant. The capacity is expressed in mA-h g following standard convention. The
coulombic efficiency is calculated as the ratio of the capacities during the charge and
discharge steps for each complete cycle. A coulombic efficiency of 100% indicates that
the battery effectively retains and releases the same amount of electric charge during the
charging and discharging processes.
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Table S3: EIS analysis of different MOF cathodes before and after cycling performance
tests. Parameters are derived after fitting the modified Randles equivalent circuit model.

Cathode OCP Rs Rt Cal

material (V vs. LilLi*) (Q) (Q CPE. n (?ﬁ";’)( (uF) Z,
(befoSrg;L%?i;‘;r; 1.79 1139 1575 13E-5 0.77 3729 216 4.1E-3
(aftsef'cwi:g; 175 678 1842 7.3E-6 085 4075 228 89E-3
(befife'l?,;ﬁﬁg; 151 606 723 18E-5 079 6975 3.06 4.0E-3

SU-101-Sat

. 1.72 262 749 16E-5 081 6146 3.31 7.3E-3
(after cycling)

Supporting note: Potentiostatic EIS measurements were performed to estimate the
charge transfer resistance (R.) and the double-layer capacitance (Cgy). EIS fitting was
performed using a general Randles equivalent circuit model, including a term for the
contact resistance (inset in Figure 1b). In this model, R represents the series ohmic
resistance resulting from the sum of the resistance of the electrolyte, current collectors,
and the resistance of the electrode material.2# R. and CPE; denote the impedance
originating from the contact between the electrode materials and the current collectors.
R and CPE represent the total charge transfer resistance and the constant phase
element characterizing the electrode-electrolyte interface, and Z,, represents the Warburg
impedance. Fitted parameters were determined using the Gamry Echem Analyst

software. The Cy was calculated according to the following equation:5¢

Cdl = CPEct X (wmax)n_ ! (1)

where wnax (in s71) is the frequency at which the imaginary component of the Nyquist plot
reaches a maximum, n represents the degree of depression of the semicircle compared

with an ideal semicircle and has a value less than 1.0, and CPE is the constant phase

element used to model the charge-transfer process.
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Table S4: EIS fitting parameters for the SU-101-Sat cathode before and after extended
cycling performance tests.

OCP Rs Rct Wmax Cdl
SU-01-Sat v s i)y @ (@ CPFt M (Hz) (uF) Zw
Before 150 643 818 28E-5 073 6920 290 1.3E-3
After 172 419 861 33E-5 071 6285 304 21E-3

S18



j T T T T
a i 1100
oo — 1 g
e o @ Discharge 10 >
= 80Fo @ Charge 4 e
< [ q - Q
< _ j60 &
E 8ok ] ©
I i 4 Q
‘o L 40 o
g 40f ] €
o I SU-101-Sat (02) { S
O 20 L GCD@0.5Ag" 420 2
+ Electrolyte: 1 M LiTFSI + 0.2 M LiNO, ] o
[ Solvent: DOL:DME (1:1 .
B o o0 e s ). Pl Sl T il | 10
0 200 400 600 800 1000
Cycle number
1 fT—— T T
100 F o - ] &
o - -80
i) 1z
c 80F 1
< L @ @ Discharge Jlgp ©
E 80 [ '._' C ] Charge : %
A T T — 1,n ©
£ i Jao 2
o 40 [ i
3 I SU-101-Sat (03) 1 5
o o0 [ GCD@05AG! Jo0 3
+ Electrolyte: 1 M LiTFSI + 0.2 M LiNO, ] &
L Solvent: DOL:DME (1:1) .
AR TI I E D T T 10

0 200 400 600 800 1000
Cycle number

Figure S15. Additional long-term cycling tests (1000 cycles) of the SU-101-Sat MOF
cathode. Coin cells with MOF cathodes, prepared in separate synthesis batches, were
tested without prior electrochemical measurements before cycling. The left axis indicates
the capacity, while the right axis displays the coulombic efficiency. Discharge (black
spheres) and charge (blue spheres) profiles are plotted concurrently. Cycling was
conducted at a C/2 rate (0.5 A g).

Supporting note: Sample (a) exhibits an initial capacity of 88.03 mA-h g that stabilizes
at 55.44 mA-h g-'. Sample (b) shows an initial capacity of 99.16 mA-h g, stabilizing at
47.52 mA-h g'. Considering the replicate measurement shown in Fig. 5¢, which starts at
66.60 mA-h g' and stabilizes at 33.71 mA-h g'', the SU-101-Sat cathode delivers an
average initial capacity of 84.60 * 16.55 mA-h g! and stabilizes at an average of 45.56
+ 11.00 mA-h g'. Thus, the average capacity retention for the SU-101-Sat cathode is
approximately 53.84%.
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Figure S16. Battery performance tests of the SU-101-Sat MOF cathode in carbonate
electrolyte: (a) Cyclic voltammograms before and after long-term cycling; the second scan
is shown for each cathode, with an arrow indicating the scan direction at the specified
rate. (b) Nyquist plots before and after cycling; the inset shows the equivalent circuit
model used to fit the Nyquist plots. (c) Galvanostatic charge-discharge profiles before and
after cycling; dashed lines represent charge profiles, dotted lines indicate discharge
profiles and an arrow shows the direction of the profile. (d) Cycling performance plot
displaying capacity on the left axis and coulombic efficiency on the right axis; discharge
and charge profiles are plotted concurrently. Experiments were conducted at a rate of C/2
(0.5 A g") between 1.5 and 3.0 V vs. Li/Li*. Electrolyte: 1 M LiPFg in ethylene carbonate
(EC) and diethyl carbonate (DEC) with fluoroethylene carbonate (FEC) as additive.

Table S5: EIS fitting parameters for the SU-101-Sat cathode before and after extended
cycling performance tests in carbonate electrolyte.

ocCP Rs Ret Wmax Cal
SU-01-Sat v s iy @ (@ CPBt M (Hz) (uF) Zw
Before 2927 510 5599 10E-5 087 497 470 11E-3
After 1796 1127 3013 22E-5 076 100.6 451 4.1E-3
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Battery Performance Metrics

Table S6: Summary of MOF-based materials employed as host for Li-S batteries.

Capacity Current density

Cathode material (mA g h-) (A o) Cycles Ref.
Mn-MOF 190.0 0.1 50 7
S@MOF-525(Cu) 704.0 0.5 200 8
S@Ni3(HITP), 629.6 1.0 300 9
ZIF-67-5-S 521.0 0.5 500 10
CuBTC@S 330.0 0.2 100 11
S@Cu-TDPAT 745.0 1.0 500 12
S/MOF[Cd(L)] 799.0 0.1 50 13
101 (Cr)@rGl\él)l}_S- 335.0 0.2 50 14
HKUST-1 240.0 0.1 50 15
NH,-MIL-101(Al) 445.0 1.0 100 16
ZIF-8 380.0 0.1 25 17

MOF-5 540.0 0.5 50 18

ZIF-67 594.0 0.2 100 19
MIL-100(V) 500.0 0.5 200 20
Ni-MOF 611.0 0.2 100 21
SU-101-Sat 45.6 0.5 1000 This work
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