
Author’s Accepted Manuscript

Electronic, Structural and Chemical Effects of
Charge-Transfer at Organic/Inorganic Interfaces

R. Otero, A.L. Vázquez de Parga, J.M. Gallego

PII: S0167-5729(17)30009-2
DOI: http://dx.doi.org/10.1016/j.surfrep.2017.03.001
Reference: SUSREP452

To appear in: Surface Science Reports

Received date: 30 June 2016
Revised date: 3 March 2017
Accepted date: 5 March 2017

Cite this article as: R. Otero, A.L. Vázquez de Parga and J.M. Gallego,
Electronic, Structural and Chemical Effects of Charge-Transfer at
Organic/Inorganic Interfaces, Surface Science Reports,
http://dx.doi.org/10.1016/j.surfrep.2017.03.001

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/surfrep

http://www.elsevier.com/locate/surfrep
http://dx.doi.org/10.1016/j.surfrep.2017.03.001
http://dx.doi.org/10.1016/j.surfrep.2017.03.001


 R. Otero et al. / Surface Science Reports 1 

Electronic, Structural and Chemical Effects of Charge-Transfer at 

Organic/Inorganic Interfaces 

R. Otero
a,b,c*

, A. L. Vázquez de Parga
a,b,c

, J. M. Gallego
a,b,c

 

aInstituto de Ciencia de Materiales de Madrid-CSIC, Cantoblanco, 28049-Madrid, Spain 

bIMDEA-Nanoscience, 28049 Madrid, Spain 

cDep. de Física de la Materia Condensada, Universidad Autónoma de Madrid, 28049 Madrid, Spain 

 

*Corresponding author.  roberto.otero@uam.es 

 

Abstract 

During the last decade, interest on the growth and self-assembly of organic molecular species on solid surfaces spread over the scientific 

community, largely motivated by the promise of cheap, flexible and tunable organic electronic and optoelectronic devices. These efforts lead to 

important advances in our understanding of the nature and strength of the non-bonding intermolecular interactions that control the assembly of the 

organic building blocks on solid surfaces, which have been recently reviewed in a number of excellent papers. To a large extent, such studies were 

possible because of a smart choice of model substrate-adsorbate systems where the molecule-substrate interactions were purposefully kept low, so 

that most of the observed supramolecular structures could be understood simply by considering intermolecular interactions, keeping the role of the 

surface always relatively small (although not completely negligible). On the other hand, the systems which are more relevant for the development 

of organic electronic devices include molecular species which are electron donors, acceptors or blends of donors and acceptors. Adsorption of such 

organic species on solid surfaces is bound to be accompanied by charge-transfer processes between the substrate and the adsorbates, and the 

physical and chemical properties of the molecules cannot be expected any longer to be the same as in solution phase. In recent years, a number of 

groups around the world have started tackling the problem of the adsorption, self- assembly and electronic and chemical properties of organic 

species which interact rather strongly with the surface, and for which charge-transfer must be considered. The picture that is emerging shows that 

charge transfer can lead to a plethora of new phenomena, from the development of delocalized band-like electron states at molecular overlayers, to 

the existence of new substrate-mediated intermolecular interactions or the strong modification of the chemical reactivity of the adsorbates. The 

aim of this review is to start drawing general conclusions and developing new concepts which will help the scientific community to proceed more 

efficiently towards the understanding of organic/inorganic interfaces in the strong interaction limit, where charge-transfer effects must be taken 

into consideration. 

 

Keywords:  

Organic adsorbates, Self-assembly, Charge transfer 

 

 

1. Introduction 

Organic electronic and optoelectronic devices have been investigated in recent years as a potentially competitive alternative to the 

current inorganic semiconductor technology for applications such as Organic Light Emission Diodes (OLEDs) [1], Organic Field 

Effect Transistors (OFETs) [2], bulk-heterojunction [3] or dye-sensitized solar cells [4] or chemical sensors [5]. While some of 

these applications are already in the market (OLEDs, OFETs), some other are still far from real applications in spite of the 

enormous strides in efficiency registered in the last decades (bulk heterojunction solar cells) [6]. Improving the efficiency of such 

devices requires control over many parameters, such as the chemical nature and electronic structure of the molecular building 

blocks, the degree of order of the organic molecules in the active layer, the presence of dopants and impurities or the nanoscale 

morphology of the organic films [7]. 

In particular, the interface between the organic active layer and the metallic contacts is of paramount importance in determining 

the efficiency of the device: for example, the alignment of the molecular orbital levels of the organic layer with the vacuum and 

Fermi levels of the metallic leads determines the electron- and hole-injection barriers [8--10]. Alongside the purely electronic 

effects, the molecular organization at the interface will also determine the morphology and structure of the organic molecules in 

thicker films and, thus, will play an important role in steering the physical behavior of the device [11]. 

Thus, during the 90’s and the first decade of the 21
st
 century, research on the structure of organic monolayers deposited on 

metallic or passivated semiconductor surfaces progressed at a very fast pace [12--16], driven by the observation that, if the nature of 

the organic molecules and the substrate were properly chosen, many of the concepts that had been developed by Supramolecular 
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