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Conclusions

Abstract
One of the major problems of Li-ion batteries is the 
decomposition of electrolyte at elevated temperatures.  In 
situ FT-IR spectroscopy can be used to study the health 
of the electrolyte in Li-ion cells. We used an ATR FT-IR 
spectro-electrochemical cell to observe thermal 
decomposition of LiPF6 EC/DEC electrolyte in a LiCoO2
coin cell.   Results show that at 70 ℃, several infrared 
absorption peaks were irreversibly lost. This led to a 
significant degradation of the electrochemical 
performance of the battery.

Thermo Fisher Scientific Nicolet iS50 FT-IR with ATR 
Smart iTX accessory was used to test Li-ion coin cells.
Testing conditions: 
• Constant current cycling: 1/2 – 2 C.
• Voltage Limit: 3.4 - 4.4 V (typical).
FT-IR spectra were collected using a DTGS detector. 
Resolution was 4 cm-1 with 32 scans averaged. Spectra 
were collected every 5 minutes.  

Infrared spectroscopy was successfully used to monitor changes in the electrolyte of a lithium ion battery in operando upon thermal 
deactivation.  A CR 2032 coin cell compatible with spectro-electrochemical measurements was constructed with a LiCoO2 cathode. 
After initial cycling, heating the cell up to 70 ℃ showed rapid decomposition of the electrolyte.  Ongoing efforts include determining 
the onset temperature and rate of electrolyte decomposition.  Characterization of the decomposition products will provide further 
insight into the thermal stability of the electrolyte.  This preliminary study establishes ATR FT-IR spectroscopy as a valuable tool for 
in situ battery safety studies. 

Lithium ion batteries have cornered the market on mobile battery systems since their 
creation in the 1970s. With high energy density, low cost materials, and long life cycle, Li-ion 
has become the standard for portable electronic devices. Lithium cobalt oxide (LiCoO2, LCO)  
specifically exhibits high specific capacity and reversible reactions that are beneficial for modern 
batteries1. Although Li-on batteries have favorable properties, the safety of these batteries is of 
utmost importance as they begin to see applications in large energy systems such as electric cars.  
The vast range of applications that batteries are needed for means that each battery has to be 
versatile and capable of operating at extreme conditions including elevated temperatures.  
Although rare, these batteries have been known to fail, sometimes in disastrous and fatal ways2. 

As Li-ion batteries are cycled, reactions occur within the battery that results in the creation 
of a solid electrolyte interphase (SEI), which is a layer of  salt reduction products and solvents 
from the electrolyte. The SEI layer allows for lithium ions to pass through and intercalate into 
the anode.  At temperatures above 60 ℃, the SEI layer can decompose, or react with the 
electrolyte3. These processes have detrimental effects on the health of the cell that leads to 
capacity loss, thermal runaway, and can eventually cause combustion in the battery. Battery 
failure diagnostics are typically carried out ex situ.  Attenuated total reflection (ATR) Fourier 
transform infrared (FT-IR) spectroscopy allows for in situ monitoring of the electrolyte without 
major alterations to the cell6,7.  In situ studies are less labor and time intensive. This research is 
focused on studying the decomposition of a conventional Li-ion battery electrolyte at elevated 
temperatures, using a spectro-electrochemical cell capable of in operando spectroscopy.
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In-Situ Testing with FT-IR

The initial voltage profiles shown in figure 5 are 
characteristic of Li-ion batteries with LCO cathode.  
Capacity loss between cycles is significant, which is 
expected during operation at high C rates. Li-ion cells are 
typically cycled at << 1 C. After initial cycling, heating the 
cell leads to rapid decomposition of the electrolyte.  
Infrared spectra of the electrolyte are shown in figure 6.
Peaks at 716, 894, 973, 1072, 1162, and 1392 cm-1

disappear at temperature, showing degradation of 
electrolyte. Changes in the electrolyte spectra are not 
reversed upon cooling.  These thermal decomposition 
effects are not observed in cells heated without cycling 
first at room temperature. Therefore the electrolyte is not 
inherently unstable against LiCoO2 cathode. Tests to 
determine the effect of initial cycling rate on subsequent 
thermal breakdown of the electrolyte were inconclusive. 

Although electrolyte breakdown was observed by loss in 
absorption  peaks, breakdown products did not manifest as 
new absorption peaks. It is important to note that the 
technique reported here is not suited to gas phase 
measurements, therefore any gaseous decomposition 
products would not appear in the IR spectra.
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Figure 4: Fully assembled in operando heated coin cell.

Results

Figure 1: Diagram of LiCoO2 spectro-electro
chemical cell. Cell is assembled on an ATR 
crystal plate. PTFE layer insulates the cell 

from the spectrometer. 

Figure 2: Schematic of IR beam reflected
through the ATR diamond, absorbed by 

electrolyte in a porous cathode
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Figure 5: Voltage profiles of LCO cell. Cell was cycled 4 times at 1 C at 
room temperature.  Performance is consistent with cells reported in

literature with similar active material loading and geometry4.

Figure 6: In operando FT-IR spectra of LCO cell.  Heating cell to 70 ℃
after initial cycling shows rapid decay in several electrolyte absorbance 

peaks.  These changes are not reversed upon cooling. 

Figure 7: Voltage profiles of LCO cell at 70 ℃. Roundtrip efficiency is
poor compared to room temperature operation.  Voltage profiles do not 

resemble characteristic LCO charge/discharge.

Cathode Slurry
• Dissolve 5 wt.% polyvinylidene-fluoride (PVDF) in n-methylpyrrolidone (NMP) overnight .
• Mix carbon black (CB) and lithium cobalt oxide (LiCoO2) thoroughly with a 1:2 wt. ratio.
• Add dissolved PVDF with 1:1 wt. ratio of CB:PVDF.
• Apply 25 µm layer of slurry on Celgard seperator and dry overnight.
• Once dry, cut 16 mm discs of slurry coated separator and uncoated separator.
Battery Assembly
• Cut 12.5 mm disc of Lithium foil.
• Soak cathode and separator discs in 1 M LiPF6 in EC/DEC electrolyte for thirty minutes.
• Place cathode on current collector with active surface facing the diamond.
• Place soaked blank separator on top.
• Place Li foil.
• Add a stainless steel spacer and add stainless steel wave spring.
• Cover with a CR2032 casing with an EPDM rubber gasket.
• Seal the cell by applying pressure on the casing using ATR sample anvil. 
• Leave battery in open circuit voltage mode for 1 hr before testing.

Battery Construction

Figure 3: Left to Right:  Spreading cathode slurry; Cutting cathode discs; A cut 
disc; Spectro-electrochemical cell test station.


