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Chapter I. 

Introduction 

Over the past decades, the behaviour of polymers in restricted geometries has 
received an increasing amount of attention from polymer scientists, both from an 
experimental as well as from a theoretical point of view. In this respect, a major 
research effort has been made pertaining to the behaviour of polymers, in solution 
and in the melt, at various surfaces and interfaces (e.g. attractive or repulsive hard 
walls, surface air (vacuum) interfaces, polymer-polymer interfaces). The behaviour of 
polymers in thin jilms (thin with respect to the unperturbed radius of gyration) also 
falls in this category. The motivation for these studies is not only academic; it is 
obvious that these systems are of utmost importance with respect to a whole range of 
applications, involving thin films, or interfaces in general: lubrication and tribology, 
adhesion, composites, biocompatibility, lithography, compatibilization of polymer 
blends, biosensors, and electro-optic applications of thin films. 
The behaviour of polymers in thin films can e.g. be studied using a surface forces 
apparatus as developed by Israelachvili (I) ,  with which forces exerted by the 
polymers in the direction perpendicular to the plane of the film are measured as a 
function of film thickness. Lowering the film thickness even further, we enter the 
twodimensional monolayer regime. For studying monolayers at the air water inter- 
face, the Langmuir Blodgert technique has proven its usefulness over the last century: 
with this technique, the forces exerted within the plane of the monolayer are 
measured as a function of the surface concentration. 

Langmuir Blodgett monolayers. 

The interest for the behaviour of amphiphilic molecules on the water surface dates 
back to the eightteenth century (2); the first detailed scientific reports (including 
surface pressure measurements) on these systems were published by Pockels and 
Rayleigh 100 years ago now (3, 4, 5, 6). The technique for studying these mole- 
cular monolayers was perfected by Langmuir and Blodgett (7, 8) in the first de- 
cades of this century. Typical molecules that were studied (and still receive most 
attention) are low molecular weight substances with a clear amphiphilic character, i.e. 
a hydrophilic head group, in combination with a long hydrocarbon tail forming or- 
ganized structures on the water surface upon compression. A unique feature of these 
Langmuir Blodgett systems is the fact that these organized monolayers can be 
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transferred to solid substrates in a controlled way, depositing the molecules layer by 
layer, and building nearly perfect, well defined multilayer systems with a high degree 
of order, both within the layers as well as in terms of the layer spacing. In more 
recent years, the behaviour of polymeric amphiphiles received more and more 
attention, especially because of the higher stability of the transferred multilayer 
systems. Lando (9) was the first author to use this technique for the preparation of 
highly ordered, thin polymer films. Since then, a lot of work has been performed, 
with extensive contributions originating e.g from the groups of Ringsdorf (10, 
11, 12, 13) and Wegner (14, 15, 16, 17). 

The Langmuir Blodgett technique provides a versatile tool for building well defined 
thin films, that have great potential with respect to numerous application fields. 
Transferred monolayers may be useful in changing the wettability of a substrate 
surface (18), changing the tribological properties of this substrate surface (19), 
forming thin separation layers in sensor systems (20), or building very thin films 
for applications in fields like nanolithography (21, 22, 23). Moreover, the Lang- 
muir Blodgett technique offers the possibility for including functional molecules in 
thin films in an organized manner. In this respect, Langmuir Blodgett films have 
proven to be useful for the preparation of biosensor systems (by the incorporation of 
biologically active molecules) (24, 25, 26), modifying the biocompatibility of a 
substrate surface (27), preparing systems with a fast pyroelectric response (28), 
preparing thin films with non-linear optical (13, 29) or with anisotropic conductive 
characteristics (30), or for preparing thin films applicable for data storage (31). 
Apart from these (potential) applications, the Langmuir Blodgett technique is very 
powerful in providing model systems with respect to many scientifically interesting 
issues. In this respect, the well defined layer thickness is very useful in preparing 
spacer layers (which can be used e.g. in studies of the optical behaviour of dyes in 
thin films (32), or for determining the surface sensitivity of various analytical 
techniques (33, 34, 35)). The thin films prepared also provide model surfaces, 
for instance for studies in the field of biocompatibility of materials (27), or e.g. for 
STM or AFM techniques (36). Langmuir Blodgett layers can also be used to 
prepare biomimetic systems, simulating biological membranes, e.g. with incorporated 
bio-active substances (37). Finally, Langmuir Blodgett monolayers are probably the 
best approximation of a twodimensional system that can experimentally be studied, 
and can also be used in order to verify theoretical predictions made for twodimen- 
sional behaviour, a subject that will also be addressed in this thesis. 
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Characterization. 

Information about the Langmuir Blodgett monolayers can be obtained both from the 
monolayers on the water surface, as well as from multilayers on solid substrates after 
transfer. The number of techniques that can be used, is limited due to the extremely 
low amount of material involved. 
At the air water surface, the most important source of information is the surface 
pressure measured as a function of the available area pro molecule (or monomeric 
unit). Other techniques that are useful in this situation, include surface potential 
measurements (38), determination of the viscoelastic properties of the monolayers 
(39, 40), and several reflection techniques (ellipsometry (41), X-ray (42) or 
neutron reflection (43)). In the case of very thin amorphous monolayers, the 
usefulness of these latter techniques is still limited by the extremely small amount of 
material probed. For dye containing monolayers, extra information is available 
through the absorption or fluorescence behaviour of these molecules (44,45). 
Following transfer, the multilayer systems can also be studied with improved 
sensitivity using ellipsometry, X-ray or neutron reflection techniques, e.g. to deter- 
mine layer thicknesses. In the case of dyes, spectroscopic data can provide very 
valuable information. Finally, the infrared absorption characteristics of the mul- 
tilayers, as deposited on solid substrates, can yield a wealth of information. This 
latter technique is probably the most versatile and has been used by many workers, 
especially since the commercial introduction of FT-IR instruments. Infrared spectros- 
copy has the capability to reveal various conformational features of the molecules 
under consideration, and can also be used to determine the orientation of parts of the 
molecules directly. Several IR techniques can be used to investigate thin films 
prepared by the LB technique. External reflection spectroscopy (also referred to as 
grazing incidence reflection or reflection-absorption spectroscopy) is commonly used 
for characterizing thin films on metal substrates. Since Francis and Ellison studied 
metal stearate films using this setup (46), and Greenler discussed the optics in- 
volved (47), many authors have used this technique to study LB films. Since upon 
reflection on a metal surface, the resulting electrical field is strongly elliptically 
polarized, with only a significant contribution of the component perpendicular to the 
interface, the orientation of the molecules with respect to the substrate can be 
inferred Other IR techniques that can be used to deduce the orientation of the 
components in the thin film, include transmission experiments on IR transparant 
substrates (48, 49, SO), and attenuated total reflection experiments as used 
e.g. by Takenaka (Sl), using polarized IR radiation A completely different ap- 
proach to elucidate the orientation of LB films was reported by Chatzi et al. (52), 
using a photoaccoustic technique with He and Xe coupling gases. In this thesis, IR 
measurements will play a prominent role in identifying the processes taking place in 
the Langmuir Blodgett monolayers. 



As mentioned earlier, the monolayer behaviour of polymers has received an in- 
creasing amount of attention. For a large part, this attention is focused on comb-like 
polymeric analogues of the classical long tail amphiphilic substances, as e.g. poly- 
(octadecylmethacrylate); in these cases, the monolayer behaviour is still strongly 
dominated by the long hydrocarbon tails attached to the backbone. In this thesis we 
will also address the monolayer behaviour of poly(methacrylates), but we will limit 
ourselves to those members of this family with only short side chains, so that the 
polymer backbone may play a more important role in determining the monolayer 
behaviour, and so that we may better approach an actual twodimensional polymer 
system. 
Poly(methacrylates) have already received a lot of attention over the years, these 
polymers being easy to synthesize, and exhibiting good spreading characteristics due 
to the intrinsic amphiphilic character, with rather hydrophilic ester groups, without 
being water soluble: the polymers all assume a horizontal (backbone) conformation 
on the water surface, with all monomer units in contact with the substrate. Crisp 
(53), in 1946, already reviewed the behaviour of a series of polymeric substances, 
including poly(methacrylates), and proposed water surface conformations for these 
materials. Since then, a lot of work has been done on these materials, especially on 
PMMA, being a standard polymer. Still, as I hope to demonstrate in this thesis, many 
intriguing aspects have been overlooked, especially with respect to the behaviour of 
stereoregular polymers. 
Thin films of poly(methacrylates), especially of PMMA, are used for various ap- 
plications, the most important being that as a lithography resist material, or in optical 
applications as a highly transparant matrix material. Our interest was mainly raised 
by the possibility of using the Langmuir Blodgett technique as a model system, both 
for preparing model thin films and model surfaces, as well as a model (pseudo) 
twodimensional system. 

In chapter 2 of this thesis, we will specifically address the effect of the tacticity of the 
poly(methacry1ate) backbone on its monolayer behaviour, an aspect that has received 
little attention in the literature so far, and try to relate the strong differences 
observed to the different structural characteristics of these polymers. 
In chapter 3, the monolayer behaviour of isotactic PMMA will be discussed, especial- 
ly with respect to a pressure induced monolayer crystallization process that is found 
to take place upon compression. The mechanism of this crystallization process will be 
investigated, and it will be shown that these crystallized monolayers can be used to 
prepare highly oriented thin films upon transfer. 
In chapter 4, the usefulness of these crystallized monolayers as surface crystallization 



nuclei for amorphous thin films of isotactic PMMA will be discussed, this approach 
offering an easy way to prepare fairly thick (several micrometers) uniaxially oriented 
crystalline films, i.e. in a thickness regime that is inaccessible for the normal techni- 
que of building LB multilayers. 
In chapter 5, it will be demonstrated that it is possible to induce stereocomplexation 
in mixed monolayers of isotactic and syndiotactic PMMA, involving the formation of 
similar double helical structures as discussed in chapter two for crystalline isotactic 
PMMA, these monolayers being able to give almost uniaxially oriented thin films 
upon transfer, with melting points of close to 190°C. 
In chapter 6, the phase behaviour in mixed monolayers will be explicitly addressed; it 
will be shown that is is possible to extract information based on the crystallization 
processes of isotactic PMMA as they occur in the mixed monolayers, or based on the 
stereocomplexation processes between isotactic and syndiotactic PMMA. With respect 
to this latter process, complications arising from an incomplete miscibility of the 
materials in the monolayer will be discussed; methods for compatibilization of these 
mixtures are discussed in chapter 6, and also in chapter 7, explicitly dealing with the 
behaviour of partially hydrolyzed syndiotactic PMMA, and its ability to form 
stereocomplexes with i-PMMk 
Finally, in chapter 8, the behaviour of monolayers of mixtures of PMMA and 
poly(isobutylmethacrylate) will be reported on; these mixed monolayers are charac- 
terized by the possibility of mixing, induced by favourable interactions between the 
PiBMA and the PMMA chains in the monolayer. Specific aspects of this mixing 
phenomenon pertaining to the twodimensional character of the system, as well as to 
the relation between the stereoregularity of the samples and their mutual interactions 
in the monolayer will be discussed. 

Parts of this thesis have been published (54, 55, 56, 57), have been accep- 
ted (58) or have been submitted for publication (59). 
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