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Li-ion batteries are, at the moment, the most widely used in most most electric vehicles and hybrid
electric vehicles. However, there are some disadvantages such as high price, slow charging, and low
energy/power density. Li-air batteries are attracting attention due to the higher energy storing capacity
and are being seen as possible alternative for Li-ion batteries. Nevertheless, still a lot of research has to
be done in order to make Li-air battery competitive. In particular, various complex chemical and
electrochemical side-reactions occurs at the interfaces. Li;0,/Li,COs is indeed a very important interface
since Li,CO3 is formed at the cathode with Li,O, when carbonate-based electrolytes are used. In this
tutorial you will use QuantumATK to create the Li,0,/Li,CO3 and use ATK study its electronic properties.

You will compare the results with Ref. (1,
You will:
e |mport/create Li,0, and Li,CO3 bulk structures.

Cleave surfaces.

Create Li»0,/Li,CO3 interface.

Create device and optimize geometry.

Calculate electronic properties of the Lip0,/LioCO3.
LioO2 bulk and surface structures

Bulk structure

e Open the Builder and use Add » From Database to add the Li, O, structure to the Stash.

You can use the Bulk Tools » Crystal Symmetry Info plugin to get the corresponding space
group, for example
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B Bulk Tools

B Crystal Symmetry Info

Space group 187
Hermann-Mauguin P-6m2
Hall P-62
Schoenflies Day’
Fit Cell

Merge Cells

e Optimize the lattice parameters by running the & Li202_opt.py script or use the experimental ones if
you wish. In this tutorial you will use the GGA-RBE exchange-correlation potential by following the

computational details as in Ref. (1,

Cleave surface

e Use the Builders » Surface(Cleave) tool to cleave the Li,0, (0001) surface from the optimized Li,0,
structure as illustrated in the next figures.
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) Surface (Cleave)

Define the surface

Miller indices
h k i=-(h+k) |

[oB [ o[ o[ 1}

Select an atom for the outer layer

Element a b c

o

Lithium -0.000 0.000| -0.000

Lithium 0.333| 0.667 0.500

w

Lithium 0.667| 0.333 0.750

£

Oxygen -0.000 0.000 0.398

w

Oxygen -0.000 0.000 0.602

o

Oxygen 0.333| 0.667 0.102

~

Oxygen 0.333| 0.667 0.898
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[ ] Surface (Cleave)

Finalize output configuration

+]: Automatically update 3D view

Out-of-plane cell vector vsis

Periodic and normal (electrode) > ]

Layers

Top vacuum | 1.2976 Ej‘

15.4129

Bottom vacuum 0 l 0.0000 ‘

Thickness

Update

< Back H Finish H Cancel

Electronic structure at zero bias

In the & Li202_opt.py script a few analysis have been added such as the T (k,¢) TransmissionSpectrum

analysis which you can find loaded in the LabFloor once your simulation is done.

Transmission Analyzer - Li202_opt.nc giD005
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Eigenstates Properties
General Selection
Energy -1.23 eV
Current 0 nA Spin Up
Calculation of eigenstates is only supported for DeviceConfigurations. Ka 0
Bias ov ke 0

From the figure above, you can see that Li;0, shows a wide band gap and no electronic conduction is

expected at low bias voltages. Moreover, as demonstrated in [1], when introducing Li vacancies the
electronic conduction decreases even more.

You can follow the Transmission spectrum of perfect sheets of graphene and MoS2 tutorial for more
details and how to set up a transmission spectrum analysis for a perfect periodic bulk system.

LioCO3 bulk and surface structures
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Bulk structure

The LioCO3 bulk structure is not present in the internal database of QuantumATK. You need to get the
structure file, usually a CIF file, from an external database, e.g. you can use the Crystallography Open
Database. Search, download and copy the & 9008283 cif file to your project folder. It will be automatically
loaded in the LabFloor. For more options see Import XYZ, CIF, CAR, VASP Files in QuantumATK tutorial.

Builder

File Edit Selection View Windows Help

(o B O0LHITHDP &AL 4 <

9008283.cif Builders m

B Bulk Tools

B Crystal Symmetry Info

Space group 15
Hermann-Mauguin C2fc
Hall -C 2yc
Schoenflies Car®

Fit Cell

®

=

Merge Cells

=

Repeat

&

Stretch Cell

®

Supercell

=

Swap Axes

=

Wrap

Brillouin Zone Viewer...

Stash Lattice Parameters...
e Coordinate Tools i
Co,
Py Device Tools
Delete

€O3Li2.nc Graphics.

Ll »
When interfacing the Li,CO3 surface with the Li, O, you will need to use a large cell to get a small lattice
mismatch. This is because the CO3 planes in the C2/c space group are slightly misaligned from the cell
axes. In this tutorial you will use a modified Li,CO3 structure with space group Cmwhere the CO3 planes
are perpendicular to the (011) plane. Also, this is the structure used in cite: Yedilfana2015.

Download the & Li2CO3.py script and import the structure to the Builder to analyze it.

Builder

File Edit Selection View Windows Help

o P00 T2 YA a? s

CO3Li2.nc ( Builders B
B Bulk Tools

B  Crystal Symmetry Info

Space group 8
Hermann-Mauguin cm
Hall Cc-2y
Schoenflies c3

Fit Cell
Merge Cells
Repeat

Stretch Cell

Supercell
Add
Swap Axes

Copy

DeIEtE

Wrap

Brillouin Zone Viewer...

9008283.cif Lattice Parameters...

Cleave surface

Use the Builders > Surface(Cleave) tool to cleave the (011) surface as indicated in the figures below.
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[ ] Surface (Cleave)

Define the surface

Miller indices
h k [

Lol [ F [

select an atom For the outer layer

Element a b c
0

1|Lithium | -0.331 0353 0.353
2 |Carbon 0.337| 0.187| 0.187
3 |Oxygen 0.336| 0.062| 0.062
4 | Oxygen 0.088 0.312) 0.312
5 |Oxygen 0.594/ 0.186 0.186

-

Surface (Cleave)

Finalize output configuration

| Automatically update 3D view

Out-of-plane cell vector vsis

Periodic and normal (electrode) = l
Layers A
Top vacuum [ 2.1647 l%” 0 l

Thickness | 4 [£][ 18.4736 |

00 15[ 0.0000 |

Bottom vacuum [ 0

The Li»0,/LioCO3 interface

|

ack [ Next > H Cancel l

< Back H Finish H Cancel

Open the Builders * Interface tool and drag and drop the Li,CO3 surface and the optimized Li,O, surface

to the first and second drop zones.
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Builder

File Edit Selection View Windows Help

TN N
0, N
EL 5 S R Y i RS

-3

B & h

[o

Preview: Left-click 3D view to dismiss B Builders B

AFM Cantilever Tip
Amorphous Prebuilder

B Interface

To create an interface between two surfaces, drop two
bulk systems on the drop zones First and Second. The AB-
plane is interpreted as the surface plane.

Strain: 0% Strain: 5.2%

Second

@ E] Add/Remove Layer E] @

Press Select Surface Cells to choose a different match
between the two surfaces.

Press Shift Surfaces to move the two surfaces in relation
to each other.

I Select Surface Cells... I I Shift Surfaces... I
=
Stash
Add Nanowire
BT Nudged Elastic Band
~ . Substitutional Alloy
Delete

WulFf Constructor

Li2CO3.py |
(011)

Generic Allov =

= »
The default results are correct. However, if you want to choose another interface you can click on Select
Surface Cells button and choose the desired matching parameters.
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Select Surface Cells

DAI
%l
%] 3
107 ¢ -
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e [ ]
o [ ]
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E [ ] [ ]
210 e e
- ®
[ ]
10* Lv ' '
10! 10° 10* 10°

Mean Absolute Strain in %

matches or enter user-specified values.

Left electrode length (A) [9.2392?881

Right electrode length (A) [?.?064545‘1

Press the +/- buttons in one of the rows to

increase/decrease the size of the central region at

the interface of the respective electrode.

The increment can either be given as a length in
Angstrom or as the relative size compared to the
electrode length.

Left

Right

[ 112594 || 12.19%]@@
[ 113904 || 14.?3%]@@

[ Set Matching Parameters l

Straining Method:

[EStrain second surface

Ak

Makch Properties:
Number of Atoms
Area
Angle Between Vectors
Rotation Between Surfaces
Skrain:
En
€33
€z
Mean Absolute Strain

56

17.76 A2

90.00
0.00

-6.47 %
9.12 %
-0.00 %
5.20 %

Apply

You can now create the device configuration with the Device Tools » Device From Bulk plugin. The default
electrode lengths are fine.

™ Device From Bulk

Select the electrode lengths from repetition

(@ e[ P

You can download this structure here: & device_configuration_initial.py. Note that in this final structure
the Li,CO3 side has been slightly shifted towards the Li, O, side to allow for a proper relaxation
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You can learn more about the Interface Builder in the Technical Notes on Interface Builder.

Optimizing the interface

A step-by-step procedure on how to optimize the geometry of a device configuration is described in the
Advanced device relaxation - manual workflow. The main steps are the following:

e Tag the electrode extension regions by using the Selection Tools » Tags plugin. You can do that by
selecting the atoms in the electrodes, the electrode extension region will be automatically selected.

Builder

dit Selection View windows Help

O ETH2TH2a09 24 2

D)

- Interface: Li2CO3.py (011) Li202_opt.nc (0001)

Builders

Bulk Tools

Coordinate Tools

Device Tools

Graphies

Miscellaneous

Select

o

Selection Tools

By Bond Length

By Element

By Expression

Close Neighbors

o}

Tags

Use the list below to madify existing tags. Set a tag on
selected atoms while removing it from unselected atoms
by pressing the Set button next to the tag.

Left Interface set
Right Interface Set
lizco3_electrode set
stash li202_electrode Set
Add
Copy
Delete

Add a new tag to selected atoms by entering a name for it
below and pressing enter.

Li2C03.py UZCO} py Li202_opt.n¢  Li202_opt.ne Interface:
(0001) Li2C03.py
o

click here to write new tag...

e

Tag also the first layer outside the electrode extension regions which is already part of the central
region.By doing so, the Device From Bulk plugin will be able to recognize the proper periodicity and
recreate the device structure (see below).

e Extract the central region as BulkConfigurationby using the & split device plugin, increase the C
vector and center the configuration.
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File Edit Selection View Windows Help

Interface: CO3Li2.nc (011) Li202_opt.nc (0001) (central region)

Stash

Ccopy
Delete
cotizne Cosznc L1202 optac 202 optinc Interface: Device: o
coslizne  imerface;  Devieer
(011) cosLiz.nc
Li202_opt.nc (011) (Cf“f)"‘
(0001)

Li202_opt.nc
1)

Device:
Interface:

Li202_opt.nc  Li202_opt.nc

o) B select

@ substitutional Alloy

©  Wulff Constructor
Generic Alloy...
Polycrystal (Voronoi)...

Surface (Cleave)..

B

Bulk Tools

o

Coordinate Tools
@ Buckler
8 Center
Check one o several of the boxes corresponding. The
boxes correspond to the axes, the configuration should be

centered along.

To perform the actual center operation, press the Apply

A LB WMcC Apply
Custom Passivator
Mirror
Quick Optimizer
Rotate
sort
Transform by Expression

Translate

Blele e e e M@ e

Tube Wrapper
Twister
Coordinate List...
Z-matrix...
& Device Tools
© Central Region Size
@ Electrode Size
Device From Bulk..

B Graphics

— # Miscellaneous

B

e Set up a geometry optimization calculation with rigid body constrain for the Li,0, tagged region and
fixed constrain for the Li,CO3 one. You can also download the corresponding & interface_bulk_opt.py.

¢ Finally, when the optimization of the interface in a bulk configuration is done, import in the Builder the
optimized structure and recreate the device as described in the previous section.

Electronic structure

Send the device configuration from the Stash to the Scripter and set up a new device calculator with the

GGA-RPBE exchange-correlation potential and a 7x15x200 k-point sampling. You can leave all other

parameters as defaults. Here, you can download the whole script: & device_interface.py.

You can add various analysis to investigate in more detail the electronic structure and the transport

properties. Below, for example, the projected device density of state analysis is shown in the picture. Here
you can see that Li,COg3, on the left side, has a much higher band gap than Li,0,. Electronic conduction is

thus expected to be very low, as it is indeed shown in [,

Projected Local DOS (device_interface.nc - giD003)

Spin.Ssum  * HTransmissiun £ ]

4

Energy (eV)
(=]

=1

-2

-4
10° 102
Total Transmission

RPOOC + ¢« BE

2
z (A)

DDOS (1/eV)

0.015

O Hint

You can further investigate the Li diffusion processes in Li»0, and LioCO3 crystals by following the Li-

ion diffusion in LiFePO4 for battery applications.
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