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Charge analysis

n(r) =
N

∑
i

|ψKS
i (r) |2 |ψi⟩ =

M

∑
μ=1

ci,μ |μ⟩

Basis Expansion:

Sμν = ⟨μ |ν⟩

Background

Overlap matrix

N electronic states
M basis functions

∫Ω
n(r) = N =

N

∑
i

⟨ψi |ψi⟩ = ∑
i

∑
μν

c*iμciν⟨μ |ν⟩ = ∑
μν

ρμνSμν

Density matrix

ρμν = ∑
i

c*iμciν



ANALYSIS TOOLS
Efficient Materials Modelling on HPC 3

Charge analysis

n(r) =
N

∑
i

|ψKS
i (r) |2 |ψi⟩ =

M

∑
μ=1

ci,μ |μ⟩

Basis Expansion:
N electronic states

M basis functions

∫Ω
n(r) = N =

N

∑
i

⟨ψi |ψi⟩ = ∑
i

∑
μν

c*iμciν⟨μ |ν⟩ = ∑
μν

ρμνSμν

N = ∑
I

qI = ∑
I

∑
μ∈I

∑
ν

ρμνSμν Mulliken charges
WriteMullikenPop      0/ 1 / 2 / 3
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Charge analysis

∫Ω
n(r) = N = ∑

I
∫ΩI

n(r) Voronoi charges
Write.VoronoiPop      True

qI = ∫Ω
dr

ρI
atom(r)

∑J ρJ
atom(r)

n(r) Hirshfeld charges
Write.HirsfeldPop      True
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Charge densities and potentials on grid

N1 x N2 x N3 mesh points… F(i,j,k)  F(n)⟶
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Charge densities and potentials on grid

N1 x N2 x N3 mesh points… F(i,j,k)  F(n)⟶

Possible F(n)?

‣SaveRho

‣SaveDeltaRho

‣SaveTotalPotential

‣SaveElectrostaticPotential

ρ(r) = ∑
μ,ν

ρμνϕμ(r)ϕν(r)

δVH(r)

VSCF(r)

‣RHO

‣DRHO 

‣VT

‣VH

δρ(r) = ρSCF(r) − ρatom(r)
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Charge densities and potentials on grid

N1 x N2 x N3 mesh points… F(i,j,k)  F(n)⟶

Possible F(n)?

%block LocalDensityOfStates
   EF  -3.50   0.00  eV
%endblock LocalDensityOfStates

n(ϵ, r) = ∑
n

|ψn(r) |2 δ(ϵ − ϵn)‣LDOS

LDOS(r) = ∫
ϵ2

ϵ1

n(ϵ, r)

‣Wavefunctions |ψn(r) |2 ψn(r) Real, Imag, Mod, Phase
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Charge densities and potentials on grid
Utils that might be useful

‣Util/Grid/

• grid2cdf, cdf2grid

• cdf2xsf

• cdf_diff

• cdf_laplacian

• grid2val

• grid2cube

• grid_rotate

‣Util/Contour

• grid1d (?)

• grid2d

‣Util/Plrho

‣Util/Denchar/

https://docs.siesta-project.org/projects/siesta/en/

school-2021/reference/denchar.html#reference-denchar

‣SISL

https://docs.siesta-project.org/projects/siesta/en/school-2021/reference/denchar.html#reference-denchar
https://docs.siesta-project.org/projects/siesta/en/school-2021/reference/denchar.html#reference-denchar
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Charge densities and potentials on grid
Utils that might be useful

‣Util/Contrib/FElMellouhi

• Conversion to openDX format

‣Util/Contrib/APostnikov

• rho2xsf

• (+ eig2bxsf + vib2xsf + etc)
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Visualisation GUI tools
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10-zgnr 4-zgnr

Hands-on tutorial: plotting DOS & bands in zGNR

FMAFM

%block DM.InitSpin
   Cedge1   +
   Cedge2   -
%endblock DM.InitSpin
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10-zgnr

Hands-on tutorial: plotting DOS & bands in zGNR

AFM

N = ∑
i

fi < Ψi |Ψi > = ∑
i

fi ∑
μν

ci
μci

νSμν

g(ε) = ∑
i

δ(ε − εi) = ∑
i

∑
μ

∑
ν

ciμciνSμνδ(ε − εi)

Density of States (DOS)

gμ(ε) = ∑
i

∑
ν

ciμciνSμνδ(ε − εi)

Projected DOS on orbital µ
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10-zgnr

Hands-on tutorial: plotting DOS & bands in zGNR

DOS

AFM

PDOS

edge 1

edge 2
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10-zgnr

Hands-on tutorial: plotting DOS & bands in zGNR

AFM

PDOS

edge 1

edge 2

edge 1 edge 1

spin  α spin  β

Fatbands!!
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