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1,3,8,10‑tetraazaperopyrene or 4,9‑diaminoperylene‑3,10‑
diimine (DPDI) on the Cu(111) surface. Scanning tunnelling 
microscopy (STM), low‑energy electron diffration, X‑ray 
standing wave and X‑ray photoelectron spectroscopy 
experiments in combination with extensive density 
functional theory (DFT) calculations provide unambigously 
evidence of the structure of the two networks [1,2]. We 
find that the coordination of Cu adatoms to the molecular 
building blocks and dehydrogenation play a key role in the 
structural organization of the networks. The presence of the 
coordinated Cu adatoms in the networks is shown to give rise 
to a characteristic resonance feature in the bias‑dependent 
STM images [3]. Finally, we are investigating how non‑local 
dispersion interactions influence the structure of the metal‑
organic coordination networks from calculations using both 
first principles and semi‑empirical schemes incorporating 
these interactions in DFT.
[1] M. Stöhr et. al, Angew. Chem. Int. Ed. 44, 7394 (2005).
[2] M. Matena et. al, Chem. Eur. J. 16, 2079 (2010).
[3] J. Björk et. al, Phys. Chem. Chem. Phys. DOI:10.1039/C003660A (2010).
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Electrostatic doping of graphene on an ultrathin 
h-BN dielectric

*Menno Bokdam, Petr Khomyakov, Paul Kelly 
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Conductivity measurements on gated graphene devices 
exhibit a square root dependence of the Fermi level [1] on 
the back gate voltage. The minimum conductivity is not 
measured at zero back gate voltage but is found at an offset 
VD that results from charge transfer between the graphene 
sheet and the dielectric|metal substrate. The same behavior 
has recently been shown by measurement of the work 
function [2] of gated graphene. The doping level depends on 
the work function of the metal substrate, the susceptibility 
of the dielectric buffer layer, the device dimensions and the 
back gate voltage. We present a simple analytical model that 
describes the square root dependence of the doping level in 
a gated graphene device that takes these four quantities into 
account. The change of the graphene work function with 
respect to the gate voltage is directly related to the doping 
level. The modeled doping level is compared with DFT‑LDA 
calculations for metal|h‑BN|graphene heterostructures in 
a static electric field and found to agree very well.
[1] Y. Zhang, V. W. Brar, F. Wang, C. Girit, Y. Yayon, M. Panlasigui, A. Zettl and 

M. F. Crommie, Nature Physics 4, 627–630 (2008).
[2] Y. J. Yu, Y. Zhao, S. Ryu, L. E. Brus, K. S. Kim and P. Kim, Nano Letters 9, 3430–

3434 (2009). 
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Free gold clusters in CO and O2 atmosphere:  
an ab initio study

*Elizabeth C. Beret, Luca M. Ghiringhelli, Sergey V. Levchenko, Matthias Scheffler 
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

The marked catalytic activity of gold nanoparticles, in 
stark contrast with the chemical inertness of bulk gold, has 

attracted the attention of a large number of researchers 
from different fields. In spite of the numerous scientific 
contributions studying the properties of these systems, 
many questions still lack a satisfying answer, for example 
what are the preferred structures for the gold particles and 
how do their catalytic properties depend on the particle 
size [1].

In an attempt to answer these questions, we have 
performed a systematic study of the structural and catalytic 
properties of small gold clusters in a realistic atmosphere 
composed of CO and O2 applied to the CO oxidation 
reaction. We present recent results derived from efficient 
configurational sampling, within density functional theory, 
of clusters composed of 1 to 4 gold atoms plus different 
numbers of adsorbed CO molecules and O atoms. In 
addition, the structure, composition and oxidation state 
of the clusters as functions of temperature and CO and O2 
partial pressures are calculated using the Ab initio atomistic 
thermodynamics approach, [2] including full account of the 
vibrational contribution to the free energy.
[1] R. Meyer, C. Lemire, S. K. Shaikhutdinov and H. J. Freund, Gold Bull. 2004, 37, 

72–124. 
[2] K. Reuter and M. Scheffler, Phys. Rev. B 2001, 65, 035406; C. M. Weinert 

and M. Scheffler, Mat. Sci. Forum 1986, 10–12, 25–30; M. Scheffler and 
J. Dabrowski, Phil. Mag. A 1988, 58, 107–121. 13.04.2010.
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Electronic structures of transition metal doped group IV 
and III-V nanotubes
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Study of properties of nanotubes (NTs) is an active area 
of research because of their novel properties and their 
potential applications in nanoelectronic devices. NTs can 
be metallic or semiconducting depending upon its chirality 
index. Further, NTs can be functionalized by adsorption or 
insertion of foreign atoms and molecules. In particular, the 
transition metal atom‑encapsulated NTs can be considered 
to be potential candidates for spintronics applications since 
the transition metal doping can induce magnetic properties 
in NTs. Furthermore, a recent study indicate [M. M. Rahman 
et al., J of the Phys. Soc. Of Japan, 74 (2005) 742] that a doped 
arm‑chair type CNT shows complete spin‑polarization.

 In order to explore this further, in this work, we study the 
geometric and electronic properties of both undoped and 
transition metal doped zig‑zag nanotubes using state of the 
art density functional theory. WIEN2k code has been used 
to perform the all‑electron Ab initio relativistic full potential 
linearized augmented plane wave calculations which use 
generalized gradient approximation for the exchange 
correlation. Our calculations on electronic structures show 
that the undoped CNT(10,0) is a semiconductor with band 
gap about 0.8 eV. For studies on doped NTs, we inserted 
single transition metal (Mn, Fe and Co) atom per unit cell. 
The transition metal atoms lie along the axis of nanotube 
and hence they form linear chain of atoms with internuclear 
distance of about 4.2Å. The percentage of doping is 2.5 %. 
We have carried out spin polarized calculations for transition 
metal doped CNTs. We observe that some of these transition 




