NMR and EPR characterization of V_ O, as
material for high-capacity Li-ion batteries

a cathode
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Defects through oxygen loss
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o the drying process causes stoi-
chiometric V O, to degas oxygen
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e excess electrons are found close
to the oxygen vacancy [1]
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With increasing Li concentration:
(1) Amplitude ~ y, Mxy

(2) e -e” dipolar broadening

(3) Heisenberg exchange
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electron spins are well separated:
-> linear amplitude increase

-> constant linewidth
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e.g. anti-ferromagnetic ordering [2]
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Liberated vanadyl species

e upon the 0- to y-Li V O_ phase transi-
tion, vanadyl species are liberated from
the host structure by fracturing [4]
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o a few percent of the total V conc. [4]

« ENDOR and DFT:
ethylene glycol dianion as ligand
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Li reduces the host material with elec-
trons located at V atoms

ENDOR:

coupling to Li, but also strongly to 'H
and F, suggesting the electrons locati-
on to be at the surface
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Ex situ MAS NMR

’Li MAS NMR of Li_ VO,

paramagnetic NMR shift
(diamagnetic around 0 ppm, asterisk)

a to &: gradual structure change, in ac-
cordance with in situ XRD [3]

d: pure phase around the voltage drop

y: two signals (chemical exchange via
EXSY) albeit one crystallographic site

Y
w: broad signal indicating severe disor- |——
der/amourphous structure - 70V
®
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J\ 51V MAS NMR of Li VO,
V205 . . . . .
- no drastical change in spinning side-
W/\ band pattern
20 -> no severe structural distortion
L large paramagnetic relaxation (PRE)
S -> no signal obtained below 3.0 V
a: resembles pristine VO, but disor-
3.10V der
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5 ¥'V(ppm) change of around 100 ppm
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