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Model for simulations of electrified electrode-electrolyte interfaces in ONETEP
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Model for simulations of electrified solid-liquid interfaces in ONETEP
* Ensemble for electrons
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Model for simulations of electrified solid-liquid interfaces in ONETEP

* Electroneutrality V - [e(r)Vv(r)] = —4n[p(r) + p,.0p (7)] k
eium—— Accessibleellum | Grand canonca elecraite

Opposite background Opposite background Non-uniform background charge which
charge in the entire charge in the electrolyte follows Poisson-Boltzmann distribution and
simulation cell. accessible region. neutralizes the charge on atoms.
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Electronic structure calculations in
electrolyte solutions: Methods for

neutralization of extended charged
interfaces
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Model for simulations of electrified solid-liquid interfaces in ONETEP
* Solvent medium V : [e(r)Vv(r)] = —4n|p(r) + ppop (1T)]
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Quantum System

p(r) = pe(r) + pruc(™)

pe() = ) Sl mWi(m)

‘ ' ‘/ Electrostatic potential
000

V()




Quantum System

p(r) = pe(r) + pruc(™)

pe() = ) Sl mWi(m)

‘ ' ‘/ Electrostatic potential,v(r)
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0= Z fx J Y (1) (— % Vz) Yy (r)dr Kinetic energy 8
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Quantum System

p(r) = pe(r) + pruc(™)

per) = ) Stk (rWi(r)

‘ ' ‘/ Electrostatic potential,v(r)
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Total free energy,

Qpe(r), ci(r),v(r)]

is minimized

1
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ONETEP: quantum atomistic (Density Functional Theory - DFT) program
with unique linear-scaling computational effort with the number of atoms

+ Conventional DFT calculations

®m ONETEP linear-scaling DFT calculations
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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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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)




ONETEP Calculation procedure in vacuum
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ONETEP Calculation procedure with new electrolyte model

DL MG
V- [e(@)Vv(r)] = —4nlp(r) + prop ()]
solvent permittivity PN electrolyte charge
o I

ONETEP




Electrolyte Parameters

A =TI [1 + erf(%)]

. Rfl — Rsolute(pﬂ) 4+ Rsolvent
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Practical Approach to Large-Scale Electronic Structure Calculations
in Electrolyte Solutions via Continuum-Embedded Linear-Scaling
Density Functional Theory
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Differential capacitance of few-layer graphene
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Critical voltage for degradation due to dendrite growth in Li-ion batteries

* On extended basal plane * Close to zigzag edg

(a) cDFTv
ol ; ol ¥ ! L L ‘ zLi lllll 5Li
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Nucleation Energy

Unlithiated Basal plane

Unlithiated Zigzag edge

Lithiated Basal plane
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Critical voltage for degradation due to dendrite growth in Li-ion batteries

(a) cDFTv
0= 000 0= 000 Ensemble Canonical Grand canonical Experiment
Basal plane Li
of graphite Vachum Syste m
. Vacuum Vacuum, - ee M LiPF,  EC/DEC, 1M
Environment (cDFTV) Jellium (2cDFTe) LiPF
(b) gCD]’?TV @ (gCDFTV) g 6
ey fle~ = ief —
Z()ing?agpi?ie Vachum Unllthlated Basal Plane ‘065 V '020 V '012 V -O 15 ‘o
SR i oo cdge | -0.31V 0.07V -0.06 V 0.04V
Gao et al.
Lithiated Basal Plane N.A. -0.18 V -0.08 V Joule 5, 393-
graphite 414, (2021)
Zigzag edge -0.47V -0.14V -0.04V
E g
Materials Chernistry A s OF CHEHITY
I ° °
THE FARADAY =54 University of

\m Check for updates Li nucleation on the graphite anode under potential

SOUthCl m pton control in Li-ion batteriest

Arihant Bhandari, ©2° Chao Peng, ¢ Jacek Dziedzic, ©2* John R. Owen, @3
Denis Kramer (°<¢ an d Chris-Kriton Skylaris & *2°

INSTITUTION



Scope for improvements

* Accessibility function independent of type of electrolyte ion (i)
z;v(r
c;(r) = A(r)c exp |_ ;{B(T)]

e Point size of electrolyte ions. Finite size effects can be included with a sterically
modified Poisson-Boltzmann equation, which limits the maximum concentration (¢yax)
of electrolyte ions.

A(r)c;” exp [ i v(r)
Ci(r) — co
C; zlv(r)
1_Zcmax(1_exp[ )
= THE FARADAY B University of
INSTITUTION Southampton
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