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Abstract

Using redox-active disulfide-containing polymers in lithium-sulfur (Li-S) batteries can reduce the shuttling effect, thereby improving battery performance. However,
previous efforts in this area involved sophisticated synthesis to provide electrodes with inferior capacity performance and capacity retention. In this work, we anchored
disulfide linkages in a porous organic polymer (POP), namely POP-DS1, via a simple azo coupling between 4,4'-aminophenyl disulfide (4APDS) and phloroglucinol. POP-
DS1 was characterized by FT-IR, Raman, and 13C CP/MAS NMR spectroscopy. It was found that the battery performance of POP-DS1 demonstrated improved capacity (185
mA h g at a current density of 50 mA g?), good rate performance and better cycling stability than the 4APDS precursor. Interestingly, the capacities of POP-DS1 increased
In long-term cycling studies, presumably due to material activation. We anticipated that our easily accessible POPs could effectively mitigate the polysulfide shuttle, providing
high-performance organic electrodes comparable to the state-of-the-art materials for Li-S batteries.
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N Y Y Y Y Y
Specific N//\:\>—S N O N O N & S e _
O | AL

15C0ap?6(:irfy 1 (O $18: 88281823 0 e T ———rors1| [ T 15

m ) VP ID IR IR IR ¥ ; i 3 | 3 — g - - :

19 Disulfide ligand w0l | —e—4APDS i 260 10 CR2016 coin cell
Capacity 1D-DS-Co-MOF  2D-DS-Cu-MOF 1Y . Lo

—Top cap

retention
98% over Specific capacity 191 mAh gt 175 mAh gt
200 cycle Capacity retention
0) 0)
(at 100" cycle)

<
oY E

--05 ¢ Spacer—
i O
——01mV/is|-1.0 5
@)

089 _ Li metal— Glass
| ——0.5mVis[ g microfiber
Angew. Chem. 2017, 129, 15314— 15318 ChemSusChem, 2020, 13, 2256—2263. I ived S filter
1 Unit:: § § | j ——20mV/s| “‘ Electrolyte
- - ° 0 10 20 30 40 50 60 70 80 00 05 10 15 20 25 30 29 Celgard\-
Research Objectives o, Cycle ID " Potential (Vvs. Lifi) @ Coeerde bbb cectonie
| | | ] - e m—— y
» To synthesize and characterize porous organic polymer containing disulfide £ 3q0 L § - Electtrqdle
. . . i O materia
linkage (POP-DS) through azo coupling reaction. £ 200 POPDST [ gy £ BOUOM @ (iated or
= To utilize as-synthesized POP-DS as an electrode material for Li-S batteries. S 150 ATreIE & Cu foil
O 100 i
9O 50 21 2 §  1MLTFSI in 1:1 DOL/DME
s o%9?v——tr— ¢4 - L 0 3 and0.2 M LIiNO, as electrolyte
ResearCh MethOdOIOgy ;)!)- 0 100 200 300 400 500 600 700 800 900 1000 © °
Cycle ID
Electrochemical studies Fig 3. a) Rate performance of 4APDS and POP-DS1 at different current densities b) CV curves of POP-

DS1 at different scan rates and c) cycling stability of 4APDS and POP-DS1 at 100 mA g current density.

Redox mechanism S)  akyoraokeone () Dualredox

active groups
One POP-DS1 unit can

Synthesis Characterizations
= POP-DS = FT-IR
= Purification = Raman
= 13C CP/MAS NMR

: : take up to 9 elect <y seear, MK e
Results and Discussion ake up o 9 electrons e @@ e O
Theoretical capacity e - o Disulfide linkage
454 mAh g v
@ @ = POP-DS1 exhibits improved rate performance, with a specific capacity of 185 mA
s'S@ s Azo-Hydrazone n gt at 50 mA g1, which is on par with previously reported materials.
D) 1 NaNO,. HOL Ho0, 0.6°C e O Tautomerization = POP-DS1 shows a steady increase in capacity, stabilizing at around 290 mA h g1
‘S—Q—N“z 2. Na,CO3, H,0 - j::;ﬁ i N oH TNH O at >800 cycles, suggesting the material activation.
o (0 . - - .. : : :
4-aminophenyl disulfide ”°©°” o Nji;(""* "jf;:f'u = A preliminary electrochemical kinetics study suggests that POP-DS1 stores
HAEDS) i e i charge through both capacitive and diffusion processes.
on POP-DS1 N HN”
Phloroglucinol . |
S (95% yield) -azophenol -hydrazok -
v Readily available precursors. ] SEEOPTEND ariycrazeketons Conclusion
v Easy Synthesis_ J. Am. Chem. Soc. - | | |
v High surface area and porosity. : 2010, 132, 12133-12144 = POP-DS1 was successfully synthesized from a simple azo coupling reaction of

4APDS and phloroglucinol with excellent yield.
= FT-IR and Raman spectroscopy could verify the presence of disulfide bonds and
a-hydrazoketone units in the polymers, while $3C CP/MAS NMR data provide

a phloroglucinol Ig 4APDS A POP-DS1 additional confirmation of the structure of the synthesized polymers.
N e Q N cs wD)s, O | - 118 Q = POP-DS1 demc_)nst_ra_ted good t_hermal stability and hlgh_porosny, which promotes
Eﬂ on \APDS| > A l N 3 electrolyte and ion infiltration suitable for battery applications.
= W > o = N9 = POP-DS1 exhibited improved rate performance and cycling stability, but the
S M 2 POP-DS1) ¢ i o AAPDS precursor showed poor battery performance, suggesting that the effective
e POP-DS1| E | E .. L g, Incorporation of redox-active groups within the polymeric structure plays a key
=2 55 cs | M W role in reducing electrode dissolution.
4000l35I00130I00IZSIOOIZOIOOI15|00110I001 5(l)0 400I6(|)0I8(I)0'1OIOOI12|00I14|00I16|00I18|00I20|00 I2CI)0I B I‘IéOl B l1(l)Ol B I5I0I B 10
Wavenumber (cm™) Raman shift (cm™) Chemical shift (ppm) AC kn OWI ed g ement
Fig 1. a) FT-IR spectra of phloroglucinol, 4APDS and POP-DS1, b) Raman spectra of 4APDS and POP- This work was financially supported by the Fundamental Fund (TSRI and CMU).

13 - . .
DS1 and c) **C CP/MAS NMR spectrum of POP-DS1. W.P. acknowledges the Development and Promotion of Science and Technology

* FT-IR and Raman spectra show characteristic signals from S-S and C-S Talents Project for an undergraduate scholarship. Organic Synthesis and Catalysis
stretching (464 and 1084 cm™). Signals near 1600 cm could be assigned to C=N Laboratory (CMU), Renewable Energy Laboratory (CMU) and Laboratoire de
and C=0 stretching, which indicates that tautomerization is possible. Physicochimie des Polymeres et des Interfaces, CY Cergy Paris Universite, France

= I3C-NMR spectrum shows a signal at 177 ppm corresponding to C=0 and C=N (Profs. TT Bui and TN Pham-Truong) are gratefully acknowledged for their technical
and aromatic signals around 118-140 ppm. support and fruitful discussion.




	Slide 1

