
THE LAST PIECE TO SOLVE THE NMC811 DEGRADATION 
PUZZLE
Operando Gas Analysis 

Degradation of NMC811 cathodes during cycling is a complex interplay of
processes that affects all cell components. In order to understand, and solve, this
complex issue all pieces of the puzzle must be analyzed.

Parasitic reactions leading to degradation may have products in the solid, liquid
and gaseous phase. While the characterization of solid and liquid components
has been traditionally the main focus of research, the last piece of the puzzle to
identify the processes responsible for cell degradation my be found in the
gaseous phase.

We have developed several Gas Analysis characterization techniques to help
solve the puzzle1,2,3. In particular operando Electrochemical Online Mass
Spectrometry (OEMS), is a powerful tool that allows us to characterize
degradation processes during cycling and evaluate solutions mechanistically1.

ABSTRACT

 Single-solvent experiments indicate that the extent degradation due to oxygen
loss is highly dependent on the electrolyte, with enhanced gas evolution from
EC-containing electrolytes3.

 Hydrogen evolution is correlated with cathodic oxygen loss at high potentials,
due to the formation of protic species resulting from solvent oxidation, which
migrate to the anode where the are reduced.

 The ratio of CO/CO2 evolution differs with cell potential in cells with LP57

 2 regimes of CO2 evolution with variant relative intensities can also be
observed

 Ongoing and future work focuses on evaluating solutions to 
NMC811 degradation at high SOC and the mechanism by 
which they operate

 We are currently evaluating various NMC811 coatings, 
additives (gaseous and liquid) & new electrolyte 
formulations
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EVALUATING SOLUTIONS

SYSTEM CHARACTERISTICS1

Swagelok cell type

100% collection efficiency

Good time resolution

Gas flow ~ 12 ml/min

Sensitivity ~ pmol/s

Low evaporation rates

Variable Temperature (10–60 °C)

Variable gas feed (blends)

Variable pressure

Electrodes up to Ø=1" 

(foil/mesh…)

Quantify: H2 C2H4 CO O2 CO2

Online Electrochemical Mass Spectrometry is an operando analytical technique that
combines electrochemical testing with mass spectrometry, allowing the in situ mass
resolved observation of gaseous or volatile products, by-products and intermediates
quantitatively. By correlating the faradaic electrode current with relevant mass ion
currents, ambiguous electrochemical reaction processes can be elucidated
quantitatively

OEMS

ADDITIVES

COATINGS
 Alumina-coated NMC811 shows a reduction of gaseous species resulting from

oxygen-loss promoted electrolyte degradation

 Ongoing work focuses on developing more efficient coatings and evaluating
the mechanism by which cathodic oxygen-loss at high SOC may be reduced

 The presence of O2 as gaseous additive also shows reduction in evolution of
gaseous species resulting from oxygen-loss promoted electrolyte degradation

 Ongoing work focuses on testing the hypothesis that O2 dissolved in the
electrolyte prevents cathodic oxygen-loss at high SOC


