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Abstract : Solid state lithium oxide compounds of layered structure, which has high stability of
structure, are mainly used as the cathode materials in lithium-ion batteries (LIBs). Recently, the
investigation of Solid Electrolyte Interphase (SEI) between active materials and electrolyte has
been focusing to improve the performance of lithium-ion batteries. For the investigation of the
SEIL, the study of surface properties of cathode materials and anode materials is also required
in advance. LiNiO, and LiCoO, are very similar layered structure of cathode active materials
and representative solid state lithium oxide compounds in LIBs. Various experimental and the-
oretical studies have been doing for LiCoO,. The theoretical investigation of LiNiO, is not suf-
ficient, however, even if experimental studies of LiNiO, are enough. In this study, the surface
energies of nine facets of LiNiO, crystal facets were calculated by Density Functional Theory.
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In XRD data of LiNiO,, (003), (104), (101), et al. facets are main surfaces in order. However,
the results of calculation are different with XRD data. Thus, both (104) and (101) facets, which
are energetically stable and measured in XRD, are mainly exposed in the surface of LiNiO, and
it is expected that intercalation and de-intercalation of Li-ion will be affected by them.
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Fig. 1. Typical XRD pattern of LiNiO, powders calcined
at 750°C.”

Table 1. The Atomic structure of LiNiO, bulk
Atom # OX  Site X y z
Ni 1 3.0 3a 0.00 0.00 0.00
Li 1 1.0 3b 0.00 0.00 0.50
1 =20 6¢ 0.00 0.00 0.25

Table 2. Calculated and experimental values of the
structural parameters of bulk LiNiO,. a and ¢ are the
lattice constant, V is the volume of unit cell of LiNiO,.
Experimental values are from Ref. 16

GGA(this study)  Ref.8 Ref. 14  Expt.
a(A) 2.90 2.90 2.89 2.88
c(A) 14.21 1420 1433 14.19
c/a 4.90 49 - 4.93
V(A% 103.55 - - 101.79
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(c) Top views of atomic structures of layered LiNiO,

Fig. 2. Various atomic structures of layered LiNiO, with
R3m symmetry. (a) is active view, (b) is view from the side
and (c) is view from the top of atomic structures of
layered LiNiO, From left, (003), (104) and (101) surfaces.
Red is Oxygen atom, Purple is Lithium atom and metallic
blue is Nickel atoms.
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Fig. 3. Definition of a single layer of (003) surface. A
single layer of (003) surface consists of one Li layer, one
Nickel layer and two Oxygen layers.
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Fig. 4. Li-terminated LiNiO, (003) surface (Left) and O-
terminated LiNiO, (003) surface (Right). Li-terminated
surface is more stable than O-terminated surface.

Table 3. Surface Energies with different atom-terminated
top layer of LiNiO, (003) surfaces. Li-terminated surface
has lower surface energy than Oxygen-terminated
surface. This means that Li-terminated surface is the
most stable surface in LiNiO, (003) surface.

Atom type of top layer Equr (€V/A?)
Li-terminated 0.146
Oxygen-terminated 0.202
o @ (109) BT £ (1 layer)

©
‘.m A

Fig. S. Definition of a single layer of (104) surface. A
single layer of (104) surface consists of one Li atom, one
Nickel atom and two Oxygen atoms.
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Fig. 6. Definition of a single layer of (104) surface. A

single layer of (104) surface consists of one Li layer, one
Nickel layer and two Oxygen layers.
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Fig. 7. Ni-terminated LiNiO, (101) surface (Left), O1-
terminated (101) surface (middle) and O2-terminated
(101) surface (Right). The Ol-terminated surface
(middle) has the lowest surface which, means it is the
most stable (101) surface.

Table 4. Surface Energies with different atom-terminated
top layer of LiNiO, (104) surfaces. Oxygenl-terminated
surface has the lowest surface energy than Oxygen2-
terminated surface and Nickel-terminated surface. This
means that Oxygenl-terminated surface is the most stable
surface in LiNiO, (104) surface
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Fig. 8. Graph of Surface Energies vs. the number of
layers. It is shown that the (004) LiNiO2 surface has the
lowest surface energies in all layers. Thus, (004) surface is
the most stable surface while (003) surface is the most
unstable surface among all eight surfaces, even if the
(003) surface has the dominant surface facets in LiNiO,
structure.

Table 5. Surface Energies vs. the number of layers. (Unit
of surface energy is eV/A?)

LNO(003)LNO(104)LNO(101)LNO(110)LNO(012)

Atom type of top layer Equt (€V/A?)
Oxygenl-terminated 0.077
Oxygen2-terminated 0.128

Nickel-terminated 0.130

3layer 0.147  0.034 0077  0.09  0.082
4layer  0.146  0.036  0.077  0.086  0.084
Slayer 0.146  0.036  0.077  0.087  0.083
6layer  0.15  0.036  0.077  0.088  0.083
LNO(102)LNO(107)LNO(105)LNO(113)
3layer 0.091  0.063  0.117  0.089
4layer  0.092  0.063  0.103  0.065
Slayer  0.092  0.063  0.103  0.065
layer 0.091  0.062  0.104  0.067
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Table 6. Comparison XRD with theoretical data. The order of stable surface index from XRD and theoretical

calculations are compared with our result.”'¥ In surface index, (1-1-1) surface has same surface direction with (101).

Asterisk (*) means our calculation result

14)

The order of XRD”) ©03) _(108) _(I0l) (110) (102) (105) (107 (13 -
Calculated result'® (003) (104) (101) (012) (102) - - - -
Calculated result* (104) (107 (113) _(101) (012) (110) (102) (105) (003)
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