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Secondary batteries including lithium-ion secondary batteries (LIBs) are now necessary for our life. LIBs are
used in various electric devices, such as phones, laptops, and electric vehicles (EVs) due to their superior
performance compared to conventional secondary batteries. However, LIBs are suffering from several issues, such
as insufficient safety, low capacity for electric vehicle, less understanding into the electrode/ electrolyte interface.
The goal of this work is to overcome the obstacles to improving LIBs using polymeric materials due to their high
electrochemical stability, sufficient mechanical strength, and flexibility. The feasibility of polymeric materials and

its effects on the battery performance was evaluated.

Currently, solid polymer electrolytes (SPEs) have been much attention as a safe electrolyte because of their
superior electrochemical and mechanical stability compared to conventional organic electrolyte. However, SPEs
exhibit low 1onic conductivity compared to organic electrolyte due to their inherent rigidity. In order to improve
ionic conductivity of SPEs, we introduced amide group into poly(oxetane)-based polymer having high dielectric
constant. Although introducing polar group with high dielectric constant gives polymers high salt dissociability, it
leads to low mobility of polymers because of high intermolecular interaction between amide groups. To utilize
amide group without decreasing mobility of the polymer, we introduced bulky side chain next to amide group and
verified its effect on the ionic transportation. We synthesized a series of poly(oxetane)-based polymer having
different branched side-chains, i.e., methyl (PtBuOA) and bulky cyanoethoxy group (P3CEOA), via amidation
reaction. Spectro(electro)chemical analysis verified that the large steric hindrance of the cyanoethoxy side-chain
effectively breaks the hydrogen bond network and dipole interaction within the polymer, both of which decrease
the polymer segmental mobility, leading to better long-range Li* conduction. Furthermore, the unique Li*
coordination structure consists of a cyano group, ether/carboxyl oxygen, and TFSA anion in PSCEOA electrolytes
has moderate stability, which effectively promotes the short-range Li* conduction. The amide group, with a
relatively high dielectric constant, improves the dissociability of lithium salt. We confirmed more than three
orders of magnitude improvement in ionic conductivity by introducing cyanoethoxy side-chain, compared to that

of PtBuOA electrolyte with a methyl side-chain.

The most important electrochemical reaction at anode surface is the formation of solid electrolyte interphase
(SED owing to the reduction of electrolyte, which is formed at first cycle and prevent further reduction of
electrolyte. To reveal the electrochemical reaction at electrode/ SPE interface, we utilized operando ATR-IR
measurement, which can directly detect surface species without damaging sample. We focused on the

electrochemical reaction between Cu and PEO-LiTFSA which is most widely used as SPEs.
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We revealed that the SEI at Cu/ PEO-LiTFSA was formed via several reduction reactions, i.e., reduction reaction

of PEO, LiTFSA, and impurities. Most resistive SEI is observed at 0.8 Vi, which consists of ROLi, alkyl vinyl
ether, RCOOLi, LiOH, Li2CO3, and a small amount of LiF. Moreover, alkyl vinyl ether is further reduced to form

other alkyl ether via radical propagation, which leads to relatively low SEI resistance.

In order to achieve high capacity enough for long driving distance of EVs, Li-S batteries are considered as
promising solution because of their extremely high theorical capacity (1675 mAh g-1). Despite their high theorical
capacity, the soluble intermediates, and the significant volume expansion of sulfur during charge/ discharge result
in the capacity fading at early cycle, which prevents their commercialization. To avoid the dissolution of
polysulphides while accommodating the volume expansion of sulfur, we designed a new carbon material
chemically inserting sulfur into the graphene layer, which is anchored by flexible and robust polypropylene glycol
(PPG). The prepared carbon-sulfur composites (PPG-EExG-S) demonstrates superior sulfur efficiency and
cyclability compared to mesoporous carbon-based counterparts. The strong interfacial attraction between sulfur
and highly-conductive graphene sheets at the confined interlayer space enables rapid charge transfer and
effectively inhibits the polysulfide dissolution, resulting in improved reversibility and sulfur efficiency. More
importantly, the structural flexibility of layered structure, derived from polymer-anchor, guarantees the stable

cycling by accommodating the significant volume expansion of sulfur active materials.

In this work, to improve the safety of LIBs amide containing SPEs were synthesized and found bulky side chain
plays an important role in the improvement of ionic conductivity. We also revealed the electrochemical reaction at
Cu/ PEO interface by operando ATR-IR measurement. Furthermore, to improve capacity of LIBs, Li-S cathode
with a new polymer anchored carbon material was prepared and revealed that anchored polymer prevents the
polysulfide dissolution, leading stable cycling performance. This work emphasized that introduction of
polyether-based materials into LIBs has much impact to improve the battery performance and will help the

improvement of polymer materials for the next-generation secondary battery.
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