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Superconductivity: Is it expected?

N(0)D?

The total electron-phonon coupling is : A\ =

N(0) s vanishingly small, however it can be varied by rigid doping

bU.t it increases very slowly

The deformation potential, D, for in-plane modes is hlgh, butiyw?islow —

By symmetry out-of-plane modes do NOT COU.plG with T electrons



Superconductivity in Graphite



Superconductivity in Graphite

Superconductivity in the intercalated
graphite compounds CgYb and CsCa

THOMAS E. WELLER', MARK ELLERBY'*, SIDDHARTH S. SAXENA**, ROBERT P. SMITH
AND NEAL T. SKIPPER"




Superconductivity in Graphite

The interlayer state
—Ca

Superconductivity in the intercalated
graphite compounds CgYb and CsCa

THOMAS E. WELLER', MARK ELLERBY'*, SIDDHARTH S. SAXENA**, ROBERT P. SMITH
AND NEAL T. SKIPPER"




Superconductivity in Graphite

The interlayer state

Superconductivity in the intercalated =i -
graphite compounds CgYb and CsCa
THOMAS E. WELLER', MARK ELLERBY'*, SIDDHARTH S. SAXENA**, ROBERT P. SMITH
AND NEAL T. SKIPPER!
c

The electron-phonon coupling:

Cz coupling

M. Calandra and F. Mauri, Phys. Rev. Lett (2005)
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Superconductivity in Graphite

The Cambridge criterion

Interlayer band energy. E. —E _[eV]
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T

M. S. Dresselhaus and G. Dresselhaus, Adv. in Phys. (2002)
G. Csanyi et al, Nat. Phys. (2005)
I. Mazin and A. V. Balatsky Phil. Mag. Lett. (2010)

4 Non-superconductors
+ Superconductors

n S B IR | S

CsLi 1/6
a'F .

J CSL'z 1/3

+C6Yb 1/3 12
@ &)
3 3.5 4 4.5 5 5.5 6 6.5

c-axis lattice constant (A)

a F(o)

The interlayer state

A3
5 1/ Ca
= W R =
3 = e
s — A
- 1% “"i
0 -— e /A
= 4
L— ’ R

=
N
;
R
,.-\.
G »
8 & -
. TN

The electron-phonon coupling:
Cz coupling

M. Calandra and FE Mauri, Phys. Rev. Lett (2005)

1 ] l_ = _ 1
@ C out—of—plane I

-...——u-a--————_-—-'-

. |
C in—plane _ _




Energy (eV)

The interlayer state

[tis a strongly 3D dispersive state living between carbon layers*
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The interlayer state

L. Boeri et al. Phys. Rev. B (2007)
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graphene

[tis a strongly 3D dispersive state living between carbon layers*

But it exists even in multiwall nanotubes, fullerenes, BN, MgB2 and.........




Use the interlayer state: put it at Er

Interlayer state is a truly 2D free-electron state in xy direction, ) (:13, y) — gilkaztkyy)

. . . . &« »
However, in the z direction is not exactly —free™ .

Kronig-Penney model of bulk GIC :‘ i i
| — —

Q E_n2ﬁ27r2
n =

2m a?

The interlayer state energy decreases removing the quantum confinement along z

a — O

k that 1s Metal adatoms on Graphene




Metal doped Graphene

We performed first-principles Density Functional Theory calculation of structural, electronic,

dynamical and superconducting properties of metal adatoms on Graphene

The electron-phonon matrix element 1
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The Eliashberg function
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Ca on graphene:

The interlayer state vo-o-g-6-6-6
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The IL moves away from graphene, reducing the electron-phonon coupling

with C; modes
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Ca on graphene: electron-phonon coupling
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The coupling with C; modes, present in the bulk compound, is small in the monolayer case
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The total electron-phonon coupling is A = 0.40 with an extimated Te=1.4 K ( A =0.70 and Tc=11.5K)

Removal of quantum confinement reduces A : Bulk better than Film
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Lithium doped Graphene

® There is at least one case among GICs that can be further explored, stage-1 Lithium GIC, LiCe.
e [L state is completely empty: the strong quantum confinement prevents its occupation

® [t is not superconducting

Removal of confinement along ¢ direction should bring the IL at the Fermi level
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Lithium doped Graphene

® There is at least one case among GICs that can be further explored, stage-1 Lithium GIC, LiCe.
e [L state is completely empty: the strong quantum confinement prevents its occupation

® [t is not superconducting
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Lithium doped Graphene
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® L state at the Fermi level

e Softening of Li and C; modes

Energy (eV)

® [ncrease of DOS at Er




Lithium doped Graphene
Electron-phonon coupling

|
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e Bulk LiC6 is not superconducting (no interlayer state)

»

e The interlayer state allows the coupling with “dormant” C, modes

® [ncreases the DOS at the Fermi level

e Allows an additional intra-band and 2 inter-band scattering channels

® [ncreases the total electron-phonon couplingto A =0.61 and Tc=8.1 K



Lithium on both sides of Graphene
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Conclusions

e Rigid doping can not induce electron-phonon driven superconductivity

® Metal adatoms on graphene promotes the interlayer state at the Fermi level

® The coupling depends on the particular adatom, very different from the bulk counterpart

e Lithium on graphene has a sizable electron-phonon coupling

® and can induce superconductivity.

“How to make graphene superconducting”
G. Profeta, M. Calandra and FE Mauri
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