
1. Thermal characterization of different mono and di-functional ionic liquids: piperdinium 
and pyrrolidinium, as the cations and FSI, TFSI as anions and characterizations of 
functionalized IL additives and their effect in tuning the thermal properties (melting and 
crystallization temp) of the electrolyte solutions to extend the temperature liquid range. 

2. Investigation of physical and electrochemical properties of non-flammable electrolytes 
based on functional ionic liquids. 

3. Understand the solid electrode interface (SEI) layer formation on graphite anode with 
several electrolyte combinations using spectroscopic and electrochemical methods. 
Determine how specific functional groups (e.g. vinyl, silane and nitrile) present on the 
ILs, influence cathodic stability during the cycling of graphite-lithium half-cells. 

4.  Investigation of electrochemical performance of hybrid ionic liquid electrolytes in full 
cells 

Electrolytes will be prepared by mixing the functional ionic liquids with aprotic solvents 
(PC, EC, DEC) and appropriate amount of Li salt in the glove box.  All constituents will 
be dried in the vacuum oven prior to the electrolyte preparation.  
Physical and electrochemical properties of the electrolyte (viscosity, conductivity, 
flammability, thermal stability, wettability and process ability etc.) may be tuned by 
using various ratios of the ionic liquids. From these studies, optimized sets of ionic liquid 
blend electrolytes will be studied in Li-graphite half cells/graphite-LiCoO2 full cells to 
enhance the thermal stability, cycle life and columbic efficiencies.  

We will subject the electrolyte formulations to a suite of tests to evaluate how variables 
within our control affect performance and to develop design rules for optimizing their 
properties. Specifically, we will characterize wettability using a Wilhelmy plate contact-
angle device that allows us to monitor the time-dependent mass change of separators 
immersed in a reservoir of hybrid IL electrolytes. These measurements will also allow us 
to determine the interfacial tension of the electrolyte/separator film interface.  

A dielectric spectrometer will be used to characterize the dc ionic conductivity over a 
comparable temperature range. The dc measurements will be complemented with 
frequency-dependent dielectric loss and storage measurements that allow the loss tangent 
to be determined, and from the loss maximum and measured dc conductivity, the 
concentration of mobile ions. Viscosity and flammability of the electrolytes will also be 
measured as a function of IL type and concentration.  

Apart from the above described characterization methods, we will investigate the thermal 
properties (thermal degradation, melting, crystallization and glass transition 
temperatures) using Thermo gravimetric analysis (TGA) and Differential scanning 
calorimetry (DSC).  X-ray diffraction and Raman spectroscopic studies will be applied to 
reveal the interactions between the electrolyte solvents with the functional ILs and these 
results will be used to optimize their structure.  

Project 2: Engineering, Synthesis Scale-up, and Characterization 
of Sulfur-Infused Microporous Carbons (1 student)# - Lynden Archer
Electrochemical storage technologies that offer higher specific capacity, improved safety 
and extended performance lifetimes have received intensive consideration during the past 
decade to meet rising standards for portable electronic devices, electric vehicles, and 



high-performance autonomous aircraft and robotics. Rechargeable electrochemical cells 
that use earth-abundant and low-cost materials are understood to be particularly good 
candidates to achieve many of these performance goals and may also offer other 
attractive attributes, such as environmental benignity and scalability. Among all solid-
state cathodes, elemental sulfur offers the greatest promise for reversibly storing large 
amounts of electrical energy, up to 2.5 kWh/kg or 2.8 kWh/L, at moderate cost. Unlike 
currently used lithium-ion (Li-ion) batteries, which are based on intercalation chemistries 
in the cathode that yield one or fewer than one electron per transition-metal ion, a 
lithium-sulfur (Li-S) cell takes advantage of the spontaneous and reversible conversion 
reaction of sulfur with lithium ions in the cathode to ideally form lithium sulfide (Li2S). 
The high energy of these cells derives from the fact that the conversion reaction yields up 
to two electrons per sulfur atom (1675 mAh/g) at a potential of around 2.1 V [5]. 
     The superficial simplicity of the electrochemistry in the Li-S cell belie multiple 
challenges stemming from the complicated solution phase thermodynamics of sulfur and 
its reduction products in the cathode, and the resultant poor transport of electrons and 
ions in the Li-S battery electrodes and electrolyte. The insulating nature of sulfur and 
sulfides, for instance, limit electron transport in the cathode and leads to low active 
material utilization. Sulfur electrodes also have low stability due to the formation of 
soluble lithium polysulfides (LiPS) during the reduction of sulfur with lithium. In 
particular, the high solubility of intermediate LiPS species in commonly used electrolytes 
and its reactivity with others, causes loss of active material. Dissolved LiPS may also 
diffuse in the electrolyte, which increases its viscosity, lowers ionic conductivity, may 
clog the separator membrane, and may react with the metallic lithium anode in a 
parasitic, cyclic process termed shuttling, which not only leads to Li-S cell performance 
well below expectations for this chemistry, but also leads to degradation in performance 
over time. Thus, unlike the traditional Li-ion batteries, where cell-level performance 
usually approach 90% of theoretical capacities set by the chemistry of the anode and 
cathode, the best performing Li-S cells rarely deliver storage capacities above 60% of 
theoretical value. 
    Previous research in the Archer group has shown that infusing elemental sulfur in the 
vapor phase deep into the pores of a carbon host facilitates creation of Li-S batteries that 
overcome some of the aforementioned performance constraints on the cathode of a Li-S 
cell [6-7]. Preliminary results show that if the carbon host is engineered with a 
microporous, tortuous structure, these beneficial effects may be amplified. The proposed 
project will investigate scale-up of synthesis of these microporous carbons using two 
approaches. The project will also investigate creation of S@C composites in which 
elemental sulfur is infused in the vapor phase into the carbon hosts. Finally, the project 
will utilize electrochemical and physical characterization tools to evaluate the materials 
as cathodes in Li-S@C electrochemical cells. 
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