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Introduction
Carbonates are the most common class 
of solvent used in both primary and 
secondary batteries.  Understanding phase 

transitions in these solvents is incredibly useful as freezing and other transitions 
will have detrimental effects on the ionic conductivity of the electrolyte.  

Differential Scanning Calorimetry (DSC) provides a method whereby thermal 
transitions can be accurately measured. The PerkinElmer DSC8000 (Figure 1) is a 
power compensated differential scanning calorimeter which provides the benefit 
of a small, double furnace. This allows for controlled cooling down to lower 
temperatures than would be achievable with a traditional, single furnace, heat  
flux system.  
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Figure 1: PerkinElmer DSC8000 Differential Scanning Calorimeter.

Differential Scanning Calorimetry
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Experimental
Samples containing binary mixtures of dimethyl carbonate 
and ethyl methyl carbonate (battery grade, Merck™) were 
used to demonstrate changes in phase transitions based on 
solvent ratio. 11 DMC/EMC mixtures were made up by weight 
from 0:100 DMC:EMC to 100:0 DMC:EMC. The data collection 
parameters used to measure the samples were:

- Sample purge - Helium at 40 mL/min:

 g Cool from 20 oC to – 90oC at 10 oC/min

Helium is a useful purge gas for applications where a higher 
thermal conductivity would be required. For example, low 
temperature experiments or high heating rates.

Results & Discussion

This graph further demonstrates that the eutectic point of the 
DMC:EMC mixture occurs when the ratio is approximately 
20:80 DMC:EMC. 

Summary
Differential Scanning Calorimetry may be used to quickly 
determine the eutectic point of a carbonate solvent mixture as 
well as understand the phase transitions which are taking place. 
This allows analysts to understand how the solvent will behave 
when implemented in low temperature applications.
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Figure 2: DSC Data for Binary DMC:EMC Mixtures.

The data collected on the binary solvent mixtures is shown in 
Figure 2.

It is clear from the data that the ratio of carbonate solvents 
has a large impact on the temperature at which the first phase 
transition occurs. The data seen in the 20:80 (DMC:EMC) 
mixture demonstrates the formation of a eutectic mixture. It 
exhibits the two important characteristics of a eutectic mixture:

a)  It solidifies at a single temperature.
b)   The temperature at which it solidifies is lower than that  

of either pure component.

Figure 3: Temperature of First Phase Transition against % DMC in DMC/EMC Mixture.

Figure 3 shows the temperature of the first phase transition 
that occurs during cooling against % concentration of DMC.


