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Canonical Grand canonical

Electronically isolated 
system.

System connected with an 
electronic reservoir.

Number of electrons and the 
charge is fixed.

Chemical potential of 
electrons is fixed.

Chemical potential is found. Charge is found.

Model for simulations of electrified solid-liquid interfaces in ONETEP
• Ensemble for electrons



Jellium Accessible Jellium Grand canonical electrolyte

Opposite background 
charge in the entire 
simulation cell.

Opposite background 
charge in the electrolyte 
accessible region.

Non-uniform background charge which 
follows Poisson-Boltzmann distribution and  
neutralizes the charge on atoms.
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Vacuum Solvent

Uniform permittivity of 1.0. Permittivity varies smoothly from 1.0 near the atoms to 
that of the bulk solvent far away.

No interactions with the 
atoms.

Cavitation, dispersion and repulsion interaction 
proportional to the solvent accessible surface area.
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System

Quantum System 
Dielectric solvent 

and 
Continuum electrolyte 
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System

Quantum System 
Dielectric solvent 

and 
Continuum electrolyte 
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System

Quantum System is minimized

Dielectric solvent 
and 

Continuum electrolyte 
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ONETEP: quantum atomistic (Density Functional Theory - DFT) program 
with unique linear-scaling computational effort with the number of atoms
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Conventional DFT calculations (VASP)

ONETEP linear-scaling DFT calculations

Cubic-scaling

Linear-scaling

Number of atoms

Calculation time (hours)

0.0015033333

0.0147405556

0.0046919444

0.1141533333

0.0345352778

0.6134444444

0.3944644444

1.2752125

0.5702816667

2.4115661111

3.5296269444

3.8727138889

5.3123302778

5.6987488889

8.8406669444

20.6229116667



Sheet2

		atoms		time_onetep		hr				atoms		time_vasp		hr

		100		53.066		0.0147405556				50		5.412		0.0015033333

		400		410.952		0.1141533333				100		16.891		0.0046919444

		900		2208.4		0.6134444444				200		124.327		0.0345352778

		1600		4590.765		1.2752125				400		1420.072		0.3944644444

		2500		8681.638		2.4115661111				450		2053.014		0.5702816667

		3600		13941.77		3.8727138889				800		12706.657		3.5296269444

		4900		20515.496		5.6987488889				900		19124.389		5.3123302778

		9800		31826.401		8.8406669444

		19600		74242.482		20.6229116667
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Conventional DFT calculations (VASP)

ONETEP linear-scaling DFT calculations

Cubic-scaling

Linear-scaling

Number of atoms

Calculation time (hours)
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yes

yes

ONETEP Calculation procedure in vacuum

Update {ϕα}

Is Ω
converged w.r.t. 
NGWFs{ϕα}?

Guess NGWFs{ϕα}, density kernel K

Update K

Is Ω
converged

w.r.t. 
K ?

ρe(r) 
ci(r)
Ω no

no

ONETEP
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yes

yes

yes

ONETEP Calculation procedure in vacuum

Update {ϕα}

Is Ω
converged w.r.t. 
NGWFs{ϕα}?

Guess NGWFs{ϕα}, density kernel K

Update K

Is Ω
converged

w.r.t. 
K ?

Is electrostatic 
potential (ν)
converged?

Update ν

ρe(r) 
ci(r)
Ω no

no

no

DL_MG

ONETEP

solvent permittivity electrolyte charge

with new electrolyte model
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KCl in water at 298 KLiPF6 in EC at 308 K

Electrolyte Parameters
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Total capacitance

Differential capacitance of few-layer graphene
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Critical voltage for degradation due to dendrite growth in Li-ion batteries

1

• Close to zigzag edge• On extended basal plane



Nucleation Energy
17
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Critical voltage for degradation due to dendrite growth in Li-ion batteries

1

System

Ensemble Canonical Grand canonical Experiment

Environment Vacuum 
(cDFTv)

Vacuum, 
Jellium 

(gcDFTv)

EC, 1M LiPF6
(gcDFTe)

EC/DEC, 1M 
LiPF6

Unlithiated
graphite

Basal Plane -0.65 V -0.20 V -0.12 V
-0.15 to -

0.04 V
Gao et al. 

Joule 5, 393–
414, (2021)

Zigzag edge -0.31 V -0.07 V -0.06 V

Lithiated
graphite

Basal Plane N.A. -0.18 V -0.08 V

Zigzag edge -0.47 V -0.14 V -0.04 V
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Scope for improvements
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