
DFT study of AlF3 intercalated 
in HOPG: a rechargeable 
battery application

PhD. Sindy Julieth Rodríguez Sotelo

Laboratorio de Física de Superficies e Interfaces (LASUI)
Instituto de Física del Litoral (CONICET-UNL)
Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET)
Universidad Nacional del Litoral, Santa Fe, Argentina

BPU11 Congress, Belgrade 2022



Outline
Motivation

Methodology and 
Computational 
Details
Results

BPU11 Congress, Belgrade 2022



Motivation

Intercalation/extraction 
of ions

● Lower environmental impact
● Portability
● High energy efficiency…

Rechargeable Batteries
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Motivation

-Expensive
-Extremely sensitive to 
high temperatures
-Risk of bursting

-High voltages (3.7 V)
-Charging and discharging 
cycles (Longer life time)
- High load capacity

Rechargeable Lithium Batteries
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Rechargeable Lithium Batteries
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Motivation
The new emerging challenges point 
toward the necessity of:

1.  Increasing the storage space

2.   Exploring other materials layered

3.  Understanding and studying the 
role of solvent components (or 
electrolytes) in battery performance.

Ions/
Anions/
Complex anions

Solvents
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Objective 

Al F
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To study the intercalation and diffusion of Aluminum Fluoride (AlF3) into graphite.
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Objective 

Al F

Al-F  ⇒ 1.68 Å

 How understand the mechanism of solvent 
intercalation?

Diffusion

Al-Cl ⇒ 2.17 
Å
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To study the intercalation and diffusion of Aluminum Fluoride (AlF3) into graphite.
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Stage 4 Stage 3 Stage 2
Stage 1

Staging phenomenon

Methodology
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Calculations performed in OpenMx software

DFT context with pseudopotential

GGA-PBE exchange and correlation approach

Van der Waals DFT-D3

Nudged Elastic Band NEB

Computational Details

BPU11 Congress, Belgrade 2022



Supercell graphite               Atoms carbon 36 
Each molecule of AlF3  has 4 atoms

Al

F

C

Computational Details
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1. The Most stable 
Configuration 2. Diffusion

Results

● Intercalation distances
● Equilibrium configurations
● Charge Transference
● Voltage
● Exploring intercalation with more 

than one molecule per supercell

1

2



STAGE 1: The most stable configuration

Fluorine atoms 
pointing upwards

Results
Rodriguez, S.J. et al. Phys.Chem.Chem.Phys 2021,23,19597
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Stage No of 
intercalated 

AlF3
molecules

Intercalated 
distance

di (Å)

Formation energy 
per AlF3
Ef (eV)

Voltage
(V)

1 1 6.00 -2.50 3.43 
2 6.12 -2.17 3.44
3 6.13 -1.88 3.46

2 1 5.33 -2.06 2.35 
2 6.10 -2.09 3.55 
3 6.12 -1.69 3.64

Results
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NEB Images

0.17 eV

0.29 eV

Li

AlCl4

ACS Energy Lett. 2017, 2, 
689−6932. Diffusion

J. Phys. Chem. C 2016, 
120, 25, 13384–13389

Results
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AlF3
AlF3 AlCl4 Li

Stability Stage 11
Stage 21

-2.50 eV 
-2.06 eV

-1.33 eV [1]
-1.47 eV [1]

---

Voltage Stage 11
Stage 21

 3.4-3.5 V
 2.4-3.6 V

( 2.00-2.3 V)
[2]

3.7 V
[2]

Barrier Energy ---
---

0.17 eV 0.25-0.30 eV
[3]

0.30 eV
[3]

Conclusions for bulk intercalation
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Is AlF
3
 intercalated in graphite? 

What happens to the graphite surface when AlF
3
 is 

intercalated?
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Experimental 
techniques

Theoretical 
Predictions

STM

XPS

RBS

DFT
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2D Fast Fourier Transform (2D-FFT) 
spectrum Tersoff-Hamann approximation

STM DFT
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Conclusions for Surface

Theory Experimental

AlF3 is intercalated into HOPG 

Blisters formation between carbon layers

No covalent bonding between AlF3 and carbon

AlF3 stoichiometry is maintained after 
intercalation

STM
RBS

STM

XPS

XPS



Thank you

sindyjulieth@gmail.com
sindy.rodriguez@santafe-conicet.gov.ar

Does anyone have any questions or comments?
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