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soft shorts, electrolyte 
distribution, uneven 

SOC, metal particles …? 



MRI	



In-situ (operando) 
NMR/MRI 

Commercial-type  
cell analysis 
•  SOC 
•  SOH 
•  Current distribution 

Li-dendrite visualization 
•  7Li MRI / CSI 
•  1H MRI 

Supercapacitors 
•  1H / 11B MRI 
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“In real life” 
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Chemical shift: varying electron density 
        small changes in frequency 
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Li plating / Li dendrites 

  

  

  

  

  

  

  

  
  

  

Positive electrode Negative electrode (Lithium) 
In situ TEM of  
Lead dendrite 

Orsini et al,  
J Pow Src 76, 1998, 19 
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Lithium MRI of Batteries 

Chandrashekar et al. 
Nat. Mater., 11, 2012, 311  
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Li-dendrites	on	electrode	

Bhatacharya et al,  
Nat. Mat. 9, 2010, 504 

Orsini et al,  
J Pow Src 76, 1998, 19 
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  Li metal 
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7Li CSI of 
Li-ion batt. 

before 

after 

Chandrashekar et al. 
Nat Mater, 11, 2012, 311 



Superresolution Information: 
Chemical and Susceptibility shifts 

B0 



HJ Chang et al., J Phys Chem C, 119 (2015) 16443 



Studying dendrite growth models 

H.J. Chang et al, JACS 2015, 137, 15209  



Indirect MRI of dendrite growth 

1H 3D FLASH 
‘negative’ 
image 

Ilott et al.,  
PNAS, 2016,  
113, 10779-84 





~20-fold amplification from field distortions! 

Ilott et al.,  
PNAS, 2016,  
113, 10779-84 

Does not depend on electrode material 
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Ilott et al., Nat. Comm., 5, 2014, 4536 



“In real life” 





RF penetration into metal: skin effect 

δ = 1
πµrµ0σ f skin depth Ilott et al., JMR, 245, 2014, 143-149 



Inside-out MRI 

Ilott, et al, Nat Comm 9:1776, 2018 
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B0 

Magnetic Susceptibility 





B0 

By Andy Ilott 

Magnetic Susceptibility effects 









Magnetic field maps during discharge 

Ilott, et al, Nat Comm 9:1776, 2018 



State of Charge from Susceptibility 

NMC 

LCO 

Ilott, et al, Nat Comm 9:1776, 2018 



Susceptibility Inversion 

Ilott, et al, Nat Comm 9:1776, 2018 



Samsung battery defects 
Jan 2017 press release 
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Defective cells 



Ilott, et al, Nat Comm 9:1776, 2018 



Current Distribution 

Yazdanpour, JECS, 161, 2014, A1953  



Current distributions 
charging charging; short discharging; short 



Current distributions with MRI 

discharge charge 



Current distributions with MRI 

discharge charge 







Battery 
Fingerprint  
Technologies Battery 
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In-situ (operando) 
NMR/MRI 

Commercial-type  
cell analysis 
• SOC 
• SOH 
• Current distribution 

Li-dendrite visualization 
• 7Li MRI / CSI 
• 1H MRI 

Supercapacitors 
• 1H / 11B MRI 
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