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sensitive to the form of the potential. The widely used
Green-Kubo relation [14] does not serve our purposes,
because in first-principles calculations it is impossible to
uniquely decompose the total energy into individual con-
tributions from each atom.
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gauge invariance of transport coefficients

E[€2; U] = E[Qq] + E[C2] + W[O]
L[] + €[]

extensiveness A :/ e(r)dr
Q

conservation é(r,t) = -V -j(r, t) [J’(t) = J(t) + P(t)}

gauge invariance  E'[Q] = £[Q] + O[0Q)]
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gauge invariance of transport coefficients

any two conserved densities that differ by
the divergence of a (bounded) vector field
are physically equivalent

the corresponding conserved fluxes differ
by a total time derivative, and the transport
coefficients coincide
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choose any local representation of the energy
that integrates to the correct value and whose

correlations decay at large distance — the

conductivity computed from the resulting current =
will be indepenaent of the representation. slie=)
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Dack to our business

electric conductivities can be
computed from oxidation states,
instead of from eftective charges
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gauge invariance of charge transport
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gauge invariance of charge transport
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quantisation of adiabatic particle transport
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quantisation of adiabatic particle transport
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quantisation of adiabatic particle transport
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quantisation of adiabatic particle transport
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a numerical experiment on molten KCI
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connecting two identical configurations of a ionic fluid
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a numerical experiment on molten KCI
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a numerical experiment on molten KCI
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the exchange of two cations
transports a net charge equal to +2




atomic oxidation states

QulC] = gHalC




atomic oxidation states

QulC] = gHalC

— Qa(nlx, MNiy, N1z, - n/\/Z)




atomic oxidation states

QulC] = gHalC

— Qa(nlx, MNiy, N1z, - n/\/Z)

Ra|C1 0 Co] = Qu[C1] + QulCo]




atomic oxidation states

QulC] = gHalC

— Qa(nlx, Ny, N1z, n/\/Z)
QalC1 0 Co] = QulC1] + RulCo]

Qa(anr nly' an! S n/\/Z) — Z QIOL,BnI,B
B




atomic oxidation states

QulC] = gHalC

— Qa(nlx, Ny, N1z, - n/\/Z)
QalC1 0 Co] = QulC1] + RulCo]

Qa(anr nly' an! S n/\/Z) — Z QIOL,BnI,B
B

* All loops can be shrunk to a point
without closing the gap (strong
adiabaticity);

* Any two like atoms can be
swapped without closing the gap




atomic oxidation states

QulC] = gHalC

— Qa(nlx, MNiy, N1z, - n/\/Z)

Ra|C1 0 Co] = Qu[C1] + QulCo]

Qa(anr nly' an! S n/\/Z) — Z QIOL,BnI,B
B

* All loops can be shrunk to a point
without closing the gap (strong

adiabaticity): Jiag = 4ds(i)0ag

| atomic oxidation state
* Any two like atoms can be

swapped without closing the gap




currents from atomic oxidation numbers
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conclusions

@ conserved currents are intrinsically ill-defined at the atomic scale;

@ conservation and extensiveness make transport coefficients
independent of the specitic microscopic representation of the
conserved densities and currents;

@ this gauge invariance of transport coefficients makes it possible
to compute thermal transport coefficients from DFT using
equilibrium AIMD and the Green-Kubo formalism;

@ fopological quantisation ot charge transport allows one to give a
rigorous definition of the atomic oxidation states;

@ gauge invariance and topological quantisation ot charge
transport make the electric conductivity of ionic fluids depend on
the formal oxidation numbers of the ionic species, via the Green-
Kubo formula.
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