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What Can We Learn From Half-Cell Test in Post-Li Batteries?
Half cells in the K-ion field struggle with the reactive potassium-metal counter electrode.

The resulting degradation products interfer with the cell chemistry and affect the surface chemistry 
of the working electrodes under investigation
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Ethylene bis(alkyl carbonates) are a root cause for
                - self-discharge of Prussian White (K2Fe[Fe(CN)6])
                - high degrees of irreversible capacity (both anode & cathode)

The electrolyte degradation at the K-metal counter electrode in half cells
                - obscures rsurface analysis results by considerable alterations of the SEI 
                 composition and excessively thick surface layers

Half cells results need to be critically reviewed and ideally confirmed in full cells - 
this is especially true for post-Li cell chemistries 

Conclusions
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ab-initio DFT Calculations 

Quantification  of DEDD concentration in 
EC:DEC solvent mixture (  ) and 750 mM 
KPF6 in EC:DEC electrolyte (  ) over K-metal

Gaschromatography 

Synchrotron-based Depth Profiling by
Photoelectron Spectroscopy
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DEC: R=R'=Et
DMC: R=R'=Me
EMC: R=Me, R'=Et

DEDD: R=R'=Et
DMDD: R=R'=Me
EMDD: R=Me, R'=Et

DFT suggests a surface-absorbed ethylene glycolate reaction intermediate O
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K2Fe[Fe(CN)6] (KFF)Graphite

potassium metal

SEI

DEDD

Degradation reactions of ethylene bis(alkyl carbonates 
(e.g. 'DEDD') appear as additional potential step in the 
voltage profiles of Prussian White electrodes
 
- issue occurs both with K-metal counter electrodes or 
K-metal reference electrodes

Passivation of K-metal with ethylene sulfate 
suppress the reaction of DEDD below 4.0 V  

Additional parasitic reactions is clearly seen in CV 
experiments with KFF against K-metal.  

KFF shows a self-discharge in setups due to crosstalk 
induced by DEDD or corresponding ethylene bis(alkyl 
carbonate) formed in contact with K-metal as reference 
or counter electrode

K-RE: K-metal reference electrode
(graphite/KFF full cell, 3e-setup)
K-CE: K-metal counter electrode 
(KFF/K-metal half cell, 2e-setup)

K2Fe[Fe(CN)6] (KFF) vs. K-metal 
against (inert) AgCl-RE (25 µV/s)
Electrolyte: 750 mM KPF6 in EC:DEC

Panasenko et al.,
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3-Electrode Measurements with Inert RE 

K2Fe[Fe(CN)6] (KFF) vs. K-metal 
Electrolyte: 750 mM KPF6 in EC:DEC

The terminal groups (R, R') in linear carbonates 
have an impact on the capacity retention of 
graphite/K half cells
+ rapid build up of large voltage hysteresis in 
due to K-metal

Electrode formulation
95 wt% graphite
4 wt.% CMC-Na + PAA (1:1)
1. wt.% SuperC65 Hofmann et al., Batter. Supercaps 
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Quantification of surface composition of the graphite SEI 
in half (left) and full (right) cells using relative sensitivity factors
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- very thick SEI after 1 cycle
- relatively high K-salt contents
- high ether/alkoxide contents
(soluble + side reactions)

After only 1 cycle, the 
probing depth of in-house 
XPS is insufficient to see 
the whole layer!

- thin SEI (intense graphite peak)
- strong hydrocarbon signal 
(high organic content)

relatively small 
K-salt content

Carbonate species (supposedly 
more protective than organic 
species) are mostly in the deeper 
SEI regions

- considerably thinner SEI
- high carbonate contents
- low K-salt content
- intense -CH- peak 
- very 'organic' (poorly protection?)

How crosstalk messes with electrochemical 
experiments in K-ion cell chemistries...


