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Introduction. 
The behaviour of surface under-coordinated Al3+ cations 
as electron acceptors is investigated by means of periodic 
ab initio calculations. The (0001) surface of  AlN(w) was 
chosen as representative of the different Al coordination 
types. The electronic structure was analysed through the 
valence Localised Wannier Functions that allow a 
straightforward description of the electron pairs in terms 
of chemical concepts. The relevance of the electron back-
donation towards surface Al3+ cations in the 
reconstruction of the surfaces is discussed, and evidence 
was found that some π-bond character is displayed by the 
surface Al-N bonds after relaxation.  
 
Methods 
The aim of the present work is to explore the extension of 
the back-donation towards the under-coordinated Al3+ 
cations is significant for the proper description of the 
electronic structure of Al containing ionic surfaces. To 
this purpose, ab initio calculations were performed on 
periodic 2D models of some selected ionic surfaces that 
display three-fold coordinated Al3+ cations: the (0001) 
surfaces of  AlN (w).  
The electronic structure was analyzed through a scheme 
based on the partition of the valence electronic structure 
in terms of maximally localized orthogonal Wannier 
orbitals. Wannier functions (WF), when sufficiently well 
localized, present many appealing features compared to 
canonical orbitals, that in periodic calculations have the 
form of delocalized Bloch Functions (BF). In a localized 
WF basis the electronic structure of a crystalline 
compound takes a simple and easy to analyze form to 
which chemical concepts such as lone pairs, core or 
valence electrons, covalent or ionic bonds can be applied 
not only qualitatively, but also quantitatively.1,2 The 
localization scheme recently implemented3 in the 
CRYSTAL034 code is here applied to the study of bulk 
and slab models of the above mentioned compounds.  
 
Result and discussion  
In this material, just two different types of LWFs occur 
that correspond to the two different Al-N bonds in the 
wurtzite structure. Three stages can be identified in the 
overall process. An initial stage occurs when the Al-N' 
distance increases from equilibrium to 2.9 Å. Both types 
of LWFs present an increase of their delocalized 

character. During this stage, both types of bonds see their 
covalent character enhanced as Al-N' dissociates. In the 
second stage, occurring at Al-N' distances between 2.9 
and 4.9 Å, only slight changes occur in the indices. 
Finally, for Al-N' distances larger than 4.9 Å, the 
delocalized character of the Al-N' bond substantially 
increases whereas the other LWF undergoes a slight 
localization. 
This evolution is to be interpreted in terms of both 
electronic and electrostatic effects. In the first stage, the 
Al-N' bond breaking generates an electron deficiency in 
the Al atom, that gives rise to an increase of back-
donation from the N atoms and therefore, to an 
enhancement of the covalent character of the remaining 
Al-N bonds. It is interesting to point out that the 
delocalization of the dissociated bond in the slab model 
involves mainly Al pz orbitals at the neighbors of the N 
atom, which suggests that a certain degree of p bonding 
character could be present.  
Summarizing: the analysis of the electronic structure of 
AlN(w) by means of their LWFs gives strong evidences 
that, despite the high ionic nature of the compounds, 
charge-transfer processes are not negligible in an 
accurate description of the physico-chemical properties 
of their surfaces. The under-coordinated Al3+ ions at 
surfaces have much more acceptor character than bulk 
ions, giving rise to a general enhancement of the covalent 
character of the remaining bonds. The back-donation 
from the anion towards the Al3+ cations can also involve 
new bonds of p character, whenever the p orbital overlap 
is allowed by the local geometry relaxation.  

 
References 
1 N. Marzari and D. Vanderbilt, Phys. Rev. B 56, 12847 
(1997). 
2C.M. Zicovich-Wilson, A. Bert, C. Roetti, R. Dovesi 
and V.R. Saunders,  J. Chem. Phys.116, 1120 (2002). 
3 C. M. Zicovich-Wilson, R. Dovesi and V. R. Saunders, 
J. Chem. Phys. 115, 9708 (2001). 
4 V. R. Saunders, R. Dovesi, C. Roetti, R. Orlando, C. M. 
Zicovich-Wilson, N. M. Harrison, K. Doll, B. Civalleri, 
I. J. Bush, Ph. D’Arco and M. Llunell CRYSTAL03, 
(2003), development version, available on web at 
http://www.crystal.unito.it . 

                                                    Vol. XVII, No 2, 2005 170 


