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Graphical abstract:
Bulk material A with surface a, rubbing against bulk B with surface b

Minimal tribogenerator: Tribocurrents for each electronic
surface mode:
Vs=RQ
I l load > Ja
b| B
»

Tribovoltage: edoc = |64 — 1Bt yero current > PEFVs

Full paper: arxiv:1904.11997, to appear in PRL 125



Open quantum system
:]R fl ~ system: surfaoesa+bVSR: al | B

> 2 baths: bulks A & B
At rest: HY =) wy(o,m)cl(0,m)cz(0,m) for z=a,b
HE = ’wa(h:, m)cly (k,m)cx (k,m) for X = A, B
In motion: {ga ; " walo,m) — mQ] el (0, m)ca(0,m)

e = Z (wa(k,m) —m] cL(n,m)cA(n,m)

K,m
See also: R. Alicki & AJ, Ann. Phys. (NY) 395, 69 (2018) [arXiv:1702.06231]

Surface-bulk tunneling: H = Z 9% (k, o, m)c&-(h:,m)cx(a, m) + h.c.
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Kinetic egs.

Total Hamiltonian:
Hiw = HS +HY+ HS + HP + H + HS + HY + HY

Vs = RQ

Kinetic eq. for each surface electronic mode.:
e = 9" +957 = (0 + 07+ +977) na
KMS conditions: 7§ (o,m) = e Pwelom=na)yad (5 m)

V?B (o, m) = e—ﬂ(wa(a,m)—mﬂ—uB)ﬁB (o, m)

Steady state:  ng =i = (V¢4 +42F) /T* = const.
ny = Ny = ('ﬁA + 7?3) /I‘b = const.

— A A —
D=+ 4+ 2 9% 0 D=+ +0)P
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Tribocurrents

aA_.aB [1 . e,B(me-uB—uA)]

g > e | > 9 ; a a a M T
Ja > Ja Ja = ’YTA — (7¢A + 'YTA) Ng = T Ta

A a b B bA.bB 1 — —B(MmMQ+pup—pa)
: o BB _ (4bB L AbBY 5 L [1-e ]

Net current: J=—e (Zja(a, m) + Z jb(a’,m)>

aA_aB /Ta bA,.bB /Tb
Sign of J depends on relative magnitudes of 7t 71 /T ang 717 /T

Only surface modes satisfying mQ < ua- ugcontribute to ja = ja>0
Only surface modes satisfying mQ > ua- uscontributetojp = jp >0

As charging increases |ua- us|, fewer modes contribute to corresponding
Jx, and more modes to the opposing jx
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Tribovoltage & emf

In cylindrical coords. k = (km, k)

Vs = RQ)

Fermi wave vector kr > v/k2, + k2

mQ| = |kn Vs| < krVs

Bound on open-circuit tribovoltage (ja> b,
or vice-versa):

e¢0C — |IU'A - 'u'Blat zero current 5 hkF‘/S

R

.. . load
This is an actual electromotive force (emf), @ Il o
corresponding to active pumping of

charges

Can drive current along a closed circuit
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Phenomenology & outlook

e For kk=1010 m-1 (inter-atomic) and Vs =1 m/s, we get ¢poc s 10V,

voltage enhanced by mechanical separation of electrified
surfaces

 Increase from inter-atomic to meter scale gives ¢oc = 105V, as in
Van de Graaf generator

» Consistent with other qualitative features of triboelectrification,
including some reported very recently (see paper)

* Precise control over Vs needed for further experimental testing
* We've extended analysis of work

extraction by an open system coupled to external disequilibrium to
fermion fields
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