
Application of infrared spectroscopy for structural 

analysis of thin molecular films under 

electrochemical control 

An der Institut für Chemie 

der Carl von Ossietzky Universität Oldenburg 

eingereichte 

HABILITATIONSSCHRIFT

zur Erlangung des akademischen Grades 

Doctor rerum naturalium habilitatus 

(dr. rer. nat. habil.) 

vorgelegt von 

Dr. rer. nat. Izabella Brand 

Geboren am 03. Dezember 1974 in Zyrardow, Polen 

Oldenburg, den 07. Juni 2013 



2



Shaker  Verlag
Aachen  2014

Berichte aus der Chemie

Izabella Brand

Application of infrared spectroscopy
for structural analysis of thin molecular films

under electrochemical control



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Oldenburg, Univ., Habil.-Schr., 2014

Copyright  Shaker  Verlag  2014
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-2965-9
ISSN 0945-070X

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   e-mail: info@shaker.de



3

Abstract

In this work in situ spectroscopic studies aiming at the determination of the 
structure of biomolecules in multicomponent supramolecular assemblies under 
electrochemical control are described. Biological membranes or extracellular 
matrix protein films are bioaggregates, which have a complex composition and 
structure. Therefore, their models are used in biomimetic studies. Methods of the 
preparation of biomimetic models of biological membranes are reviewed. Structure 
sensitive techniques applicable for the analysis of models of biological membranes 
are briefly described. Due to a well-defined orientation of biomolecules in their 
biological assemblies, high electric fields appear at their surfaces. The deposition 
of models of biologically relevant assemblies on electrode surfaces ensures their 
exposition to physiological electric fields. As described in chapter 4 
electrochemical methods provide the information concerning the stability, 
compactness and permeability of model membranes. However, they are not 
suitable for the analysis of the structure of molecules adsorbed on electrode 
surfaces. In order to provide the structure of molecules adsorbed on an electrode 
surface, a surface analyzing technique has to be adapted to probe in situ the 
metal|liquid interface. Infrared spectroscopy techniques applicable for structural 
analyses of organic molecules in various supramolecular assemblies adsorbed on 
an electrode surface are described in chapter 5. The adaptation of infrared 
spectroscopy and electrochemical methods for requirements of biomolecules 
adsorbed on electrode surfaces is reviewed. In the following sections studies of the 
potential-driven changes in the structure and orientation of lipid molecules in 
various models of biological membranes are described. The impact of the lipid-
protein interaction on the structure of model membranes under electrochemical 
control is described. The influence of an interacting protein on the structure of lipid 
molecules in an entire membrane as a function of changing potential is presented. 
Concluding remarks concerning a holistic determination of structural changes of 
individual components in entire supramolecular assemblies at electrified interfaces 
are presented.
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