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From Research Concept to the First Cell
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Research@LMN

Battery
Research

2D Materials

Desalination
Membranes All (can) include2D materials!
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Why Batteries

https://www.carbonbrief.org/solar-is-now-cheapest-electricity-in-history-confirms-iea
https://ec.europa.eu/info/news/transforming-power-sector-new-report-about-integrating-renewable-energy-2019-feb-18_en

Å Supply anddemandnot constantoverday/year
Å Bothneedto be carefullybalancedfor electricity

grid to work
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Why Batteries

http://www.joules-project.eu/Joules/technologies/storage_distribution_electrical_convertors

Å Supply anddemandnot constantoverday/year
Å Bothneedto be carefullybalancedfor electricitygrid to

work
Å Onlybatteriescanstoreconsiderableamountsof energy
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WhyNa?

https:// de.wikipedia.org/wiki/Ragone-Diagramm
X. Puet al., Small15 20191805427.

https://case.edu/its/archives/presidents/ragsummary.htm
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CRC Handbook of Chemistry and Physics, 97th edition (2016ς2017), p. 14-17
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Ideal calculatedValues!!!

Å At least in theory high power and energy density is possible
Å So far irreversible changes in cells diminish performance
Å Na 1000 more common in earth crust (Na: 2.36%; Li: 0.002%)!
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General Setup of a Battery

Potentiostat/
5ŜǾƛŎŜκΧ

Separator

Electrolyte+
Charge carrier

Å Coincell
Å Pouchcell
Å Cylindricalcell
ÅΧ

Electrocemicallycorrectwhile performing

Negative electrode
α!ƴƻŘŜά

Positive electrode
αCathodeά

Definition of Electrodes:
Cathode: UndergoingReduction
Anode: UndergoingOxidation
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General Setup of a Battery

Potentiostat/
5ŜǾƛŎŜκΧ

Salt bridge

Å Lab setup
Å Easier to assemble
Å TEM preparation of one 

electrode only

Negative Electrode
α!ƴƻŘŜά

Positive Electrode
αCathodeά

Definition of Electrodes:
Cathode: UndergoingReduction
Anode: UndergoingOxidation

Electrocemicallycorrectwhile performing
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Positive Electrode -α/ŀǘƘƻŘŜά wŜŀŎǘƛƻƴ

ChargingPerforming

e-

M+

e-

M+
PbIVO2 + 2e- + 4H+

"

Pb2+ + 2H2O

Pb2+ + 2H2O
"

PbIVO2 + 2e- + 4H+
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Pb2+ + 2e-
"PbPb"Pb2+ + 2e-

Negative Electrode ςά!ƴƻŘŜά wŜŀŎǘƛƻƴ

e-

M+

e-

M+

ChargingPerforming
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AnodesandCathodesin Ion Batteries

J. Xie et al., Nature Comm. 11 20202499.
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AnodesandCathodesin Ion Batteries

Y. Takahashi et al., J. Solid State Chem.180 2007319-321.
J. Xie et al., Nature Comm. 11 20202499.

Li Co O
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ElectronEnergyLevels of AnodesandCathodes

J.B. Goodenough et al., Chem. Mater. 22, 3 2010587-603.
https://de.wikipedia.org/wiki/Elektrochemische_Spannungsreihe

Potential vsH+/H2

Li+ + e-
" Li -3,04 V

Na+ + e-
" Na -2,71 V

SEI:- AF, AOR, A2CO3Σ !όhIύΧ "SEI consumesA+ 

- needsto be A+ conductive

Å Plating vs ion intercalation/adsorption depends on voltage and 
cell composition!

Å Usually transition metals and C species undergo redox reaction
e.g. LixCoIII/IVO2"LiCoIIIO2 during performance/discharge

isoxidizedis reduced


