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ORGANIC��MATERIALS��FOR��ELECTROCHEMICAL��ENERGY��STORAGE?
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Electrochemical��power��sources:��formal��requirements
Formal:��any��redox�rpair
Limitation:��
1)��Fundamental��(kinetics,��reversibility,��reliability)

�Q1Red1 +���Q2��Ox2 �W���Q’1��Ox1 +���Q’2 Red2��,���'G0

�Q1��Red1 – ne– �W���Q’1��Ox1 �Q2��Ox2 +��ne– �W���Q’2 Red2
) ( , y, y)
2)��Practical��(Cycle��and��shell��life,��Form�rfactor)
Numbers:
Cell:Cell:G�' Cell:Cell:
Energy��density��Wmax =��nFU/�6m��or Wmax =��nFU/�6V

Power��density��P��=��UI��/ �6m��or��P��=��UI��/ �6V��
El t dEl t d
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G
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Electrode:Electrode:
Capacity Qmax =��nF/�6m��
EMF�� E��=���r�4G/nF
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Current��status
Metal�rion��battery:��low��electrolyte��content���r>��W!
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Current��status

Ragone chart��for��capacitors,��
supercapacitors,��batteries��and��fuel��cells

spbu.ru55 27�rSep�r19��17:22��PM Nature Communications 7, Article number: 12647 (2016)Sensors2008, 8(12),��8037�r8066;��doi:10.3390/s8128037



Technology��trends

•Inorganic�W
OrganicOrganic
�9steel�Wplastic
�9 �W�9LED���WOLED
�¾Si���WDSSC,��
Organic��PV
•Batteries?
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Organic��material��advantages

•Ltght�|welght, flexIble,��thin�rfilm��
processable
•Less��energy���rconsuming��wet��fabrication��
process
•Less�rlimited��organic��resources
•Easy��disposability.��Burnable��away��
without��toxic��gas��and��ash��formation
•Less�rtoxic no�rIgnition non�rfumingLess toxic,��no Ignition��non fuming��.....��
Safe��& environmentally��benign

spbu.ru77 27�rSep�r19��17:22��PM Song��&��Zhou, Energy��Environ.��Sci.,��2013,��6,��2280.



BATTERIES��– PRESENT��AND��FUTURE��CHALLENGES

Emerging battery technologies
towards 2025

Helena Berg, AB Libergreen
Aleksandar Matic, Chalmers
Patrik Johansson, Chalmers

G b 201
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The new is what has been forgotten ?
State of art Li-ion 2032 cell
F t LIR2032 b tt i t iFeature LIR2032 battery can maintain 

80% capacity after 500 cycles

Model LIR2032

Nominal Voltage 3.6V

N i l C i 40 AhNominal Capacity 40mAh

Max discharge current 12mA

Max pulse discharge current 75mA

Dimensions(Dia x H) 20mm (0.8") x 3.2mm(0.1")

Weight 3.1 grams (0.1Oz)

spbu.ru99 27�rSep�r19��17:22��PM J.S.��Miller,��Advanced��Materials,��5��(1993)��671�r676
T.��Matsunaga,��H.��Daifuku,��T.��Nakajima,��T.��Kawagoe,��Polymers��for��Advanced��Technologies,��1��(1990)��33�r39

Weight 3.1 grams (0.1Oz)



Charge��balance��in��organic��electrode��materials

Example:Example:

spbu.ru10

Energy��Environ.��Sci.,��2013,��6,��2280–2301
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Cell��configurations

h b l•Cathode��and��anode��balance
•Attention��to��initial��states��of��electrodes

•Attention��to��doping��mechanisms

spbu.ru11 Energy��Environ.��Sci.,��2013,��6,��2280–230111 27�rSep�r19��17:22��PM



Organic��materials��– no��selectivity��to��metal��ion

Indeed,��the��shuttling��ion��can��be��either��protons��or��ammonium�rtype��cations but��also��anions.

spbu.ru12 Current��Opinion��in��Electrochemistry��2018,��9��:70–80
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Remarkable��example:��Rocking�rchair��Li�rion��cell

spbu.ru13 Zhao,��Q.,��Wang,��J.,��Chen,��C.��et��al.��Nano��Res.��(2017)��10:��4245.��https://doi.org/10.1007/s12274�r017�r1580�r913 27�rSep�r19��17:22��PM






















































































































