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ABX, Cubic close packed array of anions
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Layered rock salt phases
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Li,MO,  Cubic close packed array of anions




LI Rich Layered Phases

Compositional complexity and structural
analysis
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Li,,,M; 0, Cubic close packed array of anions
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Li,,,M,,0, Cubic close packed array of anions
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For example, Li(Li;;3My3)0,
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Structural Complexity in Li,MnO,
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Li, ;sMn, .0, —aka Li,MnO,  1/3 substitution => hexagonal ordering

Note: Anion sublattice is unchanged
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Menon, A. S.; Ojwang, D. O.; Willhammar, T.; Peterson, V. K.; Edstrém, K.; Gomez, C. P.; Brant, W. R,,
Influence of Synthesis Routes on the Crystallography, Morphology, and Electrochemistry of Li2ZMnO3.
ACS Apbplied Materials & Interfaces 2020 12 (5) 5939
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Structural Complexity in Li,MnO,

Can diffraction see this?
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Remember: The anion sublattice is unchanged!

Intensity (a.u.)
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Consequence: Complete intergrowth of
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Structural CompIeX|ty In L|2MnO
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TEM is localised —is this a long range phenomenon? Can you tell?
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Why does this matter? — Li,MnO, (Li; 33Mn, O,) is compositionally simple, LMNCO is not
Mn. Li Ni — Three length scales of disorder

A level — point defects
nm level — Stacking faults

um level — Phase intergrowth
Sol gel Solid state
Li; ,Mng 54Nig 13C04 130,  Li,MnO

Compositional frustration
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How does the disorder manifest? When regular diffraction breaks down...

(a) XRD (b) NPD
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Menon, A. S;; Ulusoy, S.; Ojwang, D. O; Riekehr, L.; Didier, C,; Peterson, V. K;; Salazar-Alvarez, G.; Svedlindh, P.; Edstrom, K.; Gomez, C. P.; Brant, W. R,, Synthetic Pathway
Determines the Nonequilibrium Crystallography of Li- and Mn-Rich Layered Oxide Cathode Materials. ACS Applied Energy Materials 2021, 4 (2), 1924

Li; ,Mng 5,Nlg 13C04 130,



Li; ,Mng 5,Nlg 13C04 130,

UPPSALA
UNIVERSITET

How does the disorder manifest? When regular diffraction breaks down...

(@) LMNCO models (b) Structural defects ()
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How can we accurately model these compounds?
X-ray, neutrons, total scattering ~ Tune into Ashoks Defence on the 14t of June to find out ©



Conclusions
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The most functionally interesting battery materials are deceptively complex

Properties are dictated by order-disorder transitions

Degree of order and length scale over which (dis)ordering occurs
determined by synthesis

Non-equilibrium phase transitions in metastable compounds
makes predicting structural changes in a battery extremely difficult

Neutrons and X-rays are highly complementary and data should be
combined for these systems
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