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Research Content

The current thesis is based on the design and development of poly(ionic liquid) (PIL) based materials for Li-
ion secondary battery (LiB) applications. Most of the commercial LiBs have graphite-based anodes. The performance
and safety of these LiBs depend predominantly on the electrode-electrolyte interface, generally referred to as the solid
electrolyte interface (SEI). Hence, it is very crucial to tune the SEI both compositionally and morphologically to
enhance the performance of LiBs. PILs is a class of innovative polymers WhICh combines the propertles of ionic
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electrochemical and chemical stability // \\ )4 . >
and  non-flammability ~ with  the N . /\g\
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enhance the charge carrier ability at the N VA 2
electrode-electrolyte interface by / \\ //

creating a PIL/electrolyte heterojunction. 29 S~

This ability of PILs can be exploited to 107 Ui

enhance the interfacial properties of the ©

electrodes. The availability of a plethora Figure 1. Graphical abstract of the current research

of structurally diverse PILs allows for

interfacial tuning to obtain the desired

properties. This thesis explores the interfacial tuning using PIL based binders and surface modification of the active
material by PILs as shown in Figure 1. The relation of PIL structure vis-a-vis its performance has been investigated
to understand the role of the substituent and the counter-ion.

Chapter 2: Allylimidazolium Based Poly(ionic liquid) Anodic Binder for Lithium-ion Batteries with Enhanced
Cyclability.

In this chapter, the design and synthesis of an allylimidazolium
based PIL as a binder for graphite anode were carried out. Engineering the

structure and HOMO-LUMO levels of the binder is very crucial in tuning its k //\ /\\
properties. Though the binder constitutes a very small fraction of the (SN
gravimetric weight of the electrode, it can have a great effect on the \L
performance of the LiB. Poly(vinylbenzylallylimidazolium 2
bis(trifluoromethane)sulfonylimide) (PVBCAIMTFSI) comprising an \

imidazole heterocycle and allyl substituent (Figure 2) was used as a binder  Figure 2. Structure of PVBCAIMTFSI
for graphite anodes in lithium-ion batteries. DFT based theoretical studies

also speculated the suppression in the electrolyte degradation in the case of PVBCAIMTFSI binder due to the
positioning of its HOMO-LUMO levels as compared to the electrolyte. As predicted, anodes with the PVBCAIMTFSI



binder exhibited lesser electrolyte degradation, decrease
in intercalation-deintercalation, over potential and higher
lithium-ion  diffusion. Electrochemical Impedance
Spectroscopy (EIS) results showed decreased interfacial
and diffusion resistance for PVBCAIMTFSI based
electrodes after cycling. Dynamic Electrochemical
Impedance Spectroscopy (DEIS) results indicated that
the SEI resistance for the PVBCAIMTFSI based anodes
to be three times lesser than the PVDF based anodes. A
reversible discharge capacity of 210 mAh/g was obtained
for PVBCAIMTFSI based half-cells at 1C rate as
compared to the 140 mAh/g obtained for PVDF based
anodic half-cells. After 500 cycles, 95% retention in the
discharge capacity was observed. Also, PVBCAIMTFSI
based anodes exhibited better charge-discharge stability
than the PVDF based anodes. Suppression of electrolyte Figure 3. Graphical abstract of the functioning of
degradation, reduction in the interfacial resistance, PVBCAIMTFSI binder

enhanced wettability and optimal SEI layer formed in the

case of PVBCAIMTFSI based anodes cumulatively led to enhanced stability and cyclability during the charge-
discharge studies as compared to the commercially employed PVDF based anodes. Thus, the tuning of the interfacial
properties leads to the improvement in the performance of the lithium-ion batteries with PVBCAIMTFSI as a binder.
A graphical representation of the functioning of the binder is shown in Figure 3. However, it is crucial to understand
the effect of the substituent and the counter-ion on the PIL vis-a-vis its performance as a binder. This is investigated
in the next chapter by evaluating the performance of the PILs with different substituent and counter-ion.

Chapter 3: Effect of the PIL Binder Structure on the Performance of the Lithium-ion Batteries.

Two structurally varying poly(ionic
liquid)s were synthesized to understand the
effect of the PIL structure on its performance
as a binder in LiBs. This will help in the
tuning of the polymer structure to optimize
its performance in LiBs. The properties of
ionic liquids such as ion conductivity, glass
transition temperature, viscosity etc. can be
tuned by a simple modification of the side-
chain or changing the counter-ion. Side-
chains such as allyl group increases the ionic
conductivity and decreases the viscosity of I 2B
the ionic liquids. Counter-ions especially FSI D s slctioyte degradation @@“
assists in the formation of a better electrode- ¢y e ateriurion difuson @X
electrolyte interface. Therefore, in this study, et @)@g
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. Better charge-discharge
performance and durability

Uniform SEl and better
interfacial properties

the design of PILs was carried such that one @

of the PILs PVBCAImMFSI contain both the ; @}
allyl side-chain and FSI anion. The other PIL

PVBCBIMTFSI has an alkyl chain and TFSI
anion. Cyclic voltammetry studies indicated
a suppressed electrolyte degradation for
PVBCAImMFSI based anodes leading to the formation of a better interface. This was supported by the DEIS
measurements whose results indicated lesser Rsg values for the PVBCAIMFSI based anodes. Also, the lithium-ion
diffusion kinetics was found to be better in these electrodes. The charge-discharge measurements were carried out to
evaluate the durability and stability of the electrodes. Half-cells with PVBCAIMFSI based graphite anodes showed
enhanced durability up to 1500 cycles with a 60% capacity retention. By changing the TFSI anion to FSI in

Figure 4. Graphical abstract showing the effect of tuning
of PIL structure on its performance



PVBCAIMTFSI, a 400% increase in capacity retention was observed after 1500 cycles. Whereas PVBCBIMTFSI
based LiBs showed lower capacities with lesser durability. The current study highlights the importance of the side-
chain and the counter-ion present on the PIL vis-a-vis its performance as a binder in LiBs as shown in Figure 4.

Chapter 4: Surface Tethered Poly(ionic liquid) for Silicon Nanopatrticles in Li-ion Battery Composite Anodes.

The above results show the ability of the PILs to tune the electrode-electrolyte interfacial properties. This led
us further to design surface-modified silicon nanoparticles for composite anodes to obtain higher capacities than the
conventional graphite anodes. In this chapter, poly(ionic liquid) (PIL) tethered silicon nanoparticles were investigated
(Figure 5) as active material in combination with graphite for lithium-ion battery composite anodes. The results
obtained are encouraging and calls for more optimization of functionalization and PIL structure. Silicon falls into the
category of high energy density materials with a gravimetric energy density of over 4000 mAh/g, has immense
potential to plug the current energy demand. However, due to the inherent volumetric changes researchers have failed
in many attempts to commercialize
silicon anode based lithium-ion
batteries. ~ Formation of a
passivation layer (SEI) at the
electrode-electrolyte interface is
very crucial in preventing the
damage to the electrode in the harsh ~ PIt1aver
cycling conditions. An ideal SEI / ° ighe dfoson
layer must be ionically conductive coefficient
and electronically non-conducting.
The PILs are known to possess
good ionic conductivity and can act
as interface enhancing agents to
design a better interface. In this
work, PIL functionalized silicon
nanoparticles were prepared by
esterification of poly[1-(5-
carboxypentyl)-3-vinyl-1H- Figure 5. Summary of Surface Tethered Poly(ionic liquid) for Silicon
imidazol-3-ium  bromide]  with Nanoparticles for LiB anodes
hydroxyl functionalized silicon
nanoparticles. Cyclic voltammetry studies of PIL functionalized silicon nanoparticles based composite anodes
indicated an increase in the lithiation-delithiation currents with the cycling. They also exhibited a very high lithium-
ion diffusion coefficient of about 1.01*10® cm/s which indicated a robust and conducive SEI formation. These
electrodes exhibited about 735 mAh/g of reversible discharge capacity after 34 cycles. This chapter presents
preliminary results and performance of the anodes can be improved by more fine-tuning of the PIL structure and
functionalization.
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