
 

 
 

Experiment title:  

Electron-phonon coupling in the doped graphitic 
system KC8 

Experiment 
number: 

HS-4112 

Beamline: 

ID28 

Date of experiment: 

from: 21/04/10 to: 27/04/10 

Date of report: 

24/08/10 

Shifts: 

18 

Local contact(s): 

A. C. Walters 

Received at ESRF: 

Names and affiliations of applicants (* indicates experimentalists): 

M. P. M. Dean*, Cavendish Laboratory, University of Cambridge, UK and Brookhaven 
National Laboratory,  USA 

A. C. Walters*, European Synchrotron Radiation Facility, France 

C. A. Howard, M. Ellerby* and D. F. McMorrow, London Center for Nanotechnology and 
Department of Physics, University College London, UK  

M. Calandra, F. Mauri.  IMPMC, Université de Paris 7, France 

 

 
Report: 
Although potassium intercalated graphite (KC8) was discovered to superconduct over 40 years ago, [1] the 
nature of the superconductivity remains controversial. Angle-resolved photo-emission (ARPES) 
measurements find “kinks” in the electronic bands at energies of about 160 meV below the Fermi surface, 
which are analysed in terms of strong, anisotropic electron-phonon coupling [2]. This is in direct contrast to 
first principles calculations that predict a far weaker, and isotropic, electron-phonon coupling [3], and there 
have been several suggestions as to why ARPES might overestimate the electron-phonon coupling in doped 
graphite systems [3]. A precise determination of the q dependence of the phonon modes and electron-phonon 
interaction in this test-case material should shed light on the exact mechanism for superconductivity in this, 
and other related graphitic superconductors such CaC6. Moreover since KC8 has the same electronic structure 
as doped monolayer graphene [2], this study could also point the way to inducing superconductivity in doped 
graphene systems in the future 
 
Experiment: 
KC8 samples were synthesized from natural flake graphite at University College London using the vapour 
transport method [4]. These samples were transferred into a high purity glove box and loaded into a 
beryllium dome at the ESRF, which was sealed using indium wire. The high sample purity was confirmed 
using diffraction on ID28. The high energy in-plane graphitic phonons in KC8 were measured throughout the 
a-b plane in reciprocal space.  
 
Results: 
The left-hand panel of Fig. 1 shows a typical measured phonon spectrum at the K-point of the Brillouin zone.  
All the spectra were fitted using Lorentizian functions to obtain the measured phonon dispersions depicted in 
the right-hand panel of Fig. 1. The data are plotted within the graphene Brillouin zone and are compared to 
those of graphite [5]. We observe that the phonons in KC8 are significantly softened with respect to those in 
graphite. Currently theoretical calculations of the phonon dispersions are underway at IMPMC, Paris. These 



 

calculations employ a newly developed theoretical method [6] that accounts for non-adiabatic electron-
phonon interactions, which have been shown to be important in doped graphitic systems. Experimentally the 
deconvolved intrinsic phonon linewidths are typically <1 meV. Currently we can obtain an upper limit on the 
electron-phonon coupling contribution to the linewidth, but we wish to compare our results to the theoretical 
calculations in order exclude other contributions to the linewidth such as anharmonicity and finite momentum 
resolution.  
 

 
Figure 1: Left an example of the measured measured phonon peaks at the K-point of the Brillouin zone, the 
experimental resolution is 3 meV. Right: The dispersion relations of the KC8 phonons compared with those of graphite.  

The electron-phonon coupling contribution to the phonon linewidth γqν for mode ν with wavevector q and 
energy ωqν  is related to the electronic density of states at the Fermi level N(0) = 0.6 states/(cell eV spin) and 
the electron-phonon coupling constant λqν by [7] 

ννν λωπγ qqq N 2)0(2= . 

APRES obtains  anisotropic electron-phonon coupling values summed over all the phonon modes of λ=0.2-
0.6 [2].  Using these values we obtain predicted linewidths of  

meVq 5117−=Σ νν γ . 

where the sum should be performed over all 27 phonon modes. However ARPES suggests that the majority 
of the coupling comes from the high energy phonons in the region 155-165 meV. The theoretical phonon 
calculations are required to determine the number of indepent phonon modes over which the sum should be 
performed, as the experimentally observed phonon peaks are likely to correpond to several degenerate 
modes. However, the results thus far suggest that the real electron-phonon coupling might be significantly 
weaker than is currently thought. 
 
In summary, we have obtained the first measurement of the high-energy phonon dispersions in KC8, 
demonstrating that the phonons are significantly softened with respect to the graphite phonons from which 
they are derived. The phonon linewidth analysis should allow a detailed measurement of the electron-phonon 
coupling as a function of q and the different phonon modes, with significant implications for the physics of 
doped-graphitic systems. These results will form the basis of a publication, which is currently in preparation. 
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