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Macromolecular engineering refers to the design and preparation of well-defined
macromolecules.
We are currently working on different polymerization techniques:
-

Controlled Radical Polymerization (CRP): ATRP, NMP, RAFT.

-

Ring-opening polymerization (polypeptides).

The monomer selection has been made according to:
- Families. Met/acrylates, styrenics, epoxy
- Different polarity
- Activity researched: charged/uncharged, antimicrobial, recognition (glyco), lubricant
etc..

Polymer topologies prepared:
Polymer Architectures
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Since materials interact with their environment through the interface, surface
modifications are required to adapt them for applications as superhydrophobicity, to
improve biocompatibility or to minimize energy losses and wear under shear. Surface
treatments have been carried out both induce changes in the chemical composition and
the topography.

Surface chemical modification
a) Interfacial segregation
The preferential enrichment at the surface level is caused by differences both in entropy
and surface energy of the blend components; a large surface excess of chain ends for
materials with low surface energy groups (e.g. fluorocarbons) or the surface depletion of
higher energy chain ends (e.g. carboxylic or amine groups) at the air-polymer interface
evidence the significance of the enthalpy of the polymeric additive.

b) UVO-O3 treatments
Ultraviolet ozone (UVO) treatments have already been shown to increase polymer
surface polarity by the production of hydroxyl, carbonyl, and carboxylic acid groups.
The process involves minimum substrate preparation, avoids the need for vacuum
apparatus or sophisticated gas handling, and is suitable for point of use by clinicians.
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Surface structuration
- Photolithography
A new procedure focused on the design and preparation of structured and functional
polymer surfaces by combination of two approaches acting simultaneously is
developed. The elaboration of micrometer size patterned surfaces by UV-light
lithography is reported where, in addition, the surface chemical composition can be
controlled by surface segregation of a fluorinated copolymer incorporated in the
photopolymerizable mixture.

- Photocrosslinking/photodegradation
Surface patterns based on the photocrosslinking/degradation kinetics of polystyrene
(PS) by using UV-light. Upon exposure to UV-light PS can be initially crosslinked
whereas an excess of the exposure time or intensity provokes the degradation of the
material. Typically photolithography employs either positive or negative photoresist
layers that upon removal of either the exposed or the non-exposed areas transferred the
pattern of the mask. Herein, we presented a system that can be both negative and
positive depending on several aspects including irradiation time, intensity or the
presence of absorbing active species (photoinitiators) using a general setup.
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- Hot-embossing
Schematic representation of the steps to produce functional and microstructured
polymer surface patterns by hot-embossing: (i) The film was prepared by spin coating
of a polymer blend solution in THF, (ii) the polymer films was heated above the Tg of
the both PMMA and copolymers and the master is pushed into the polymer film (iii).
Finally, the master is removed from the embossed polymer (iv).
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- Breath-Figures: formation of porous interfaces
In this approach, the polymer is dissolved in a volatile solvent and exposed to a humid
flow (A). During this initial period water vapor condenses at the surface in the form of
heterogeneous droplets (B). The evaporation of solvent continues and as a consequence
the water droplets grow to form a close packed array (C). Upon solvent and water
droplets evaporation the films will form a monolayer of ordered pores with similar sizes
(D). (E) SEM micrograph of a hexagonally ordered surface prepared by using the BFs
approach
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Stimuli-responsive interfaces
The preparation of sophisticated materials with responsive surfaces having the ability of
reversibly change back and forth between two contradictory comportments have drawn
considerable attention in recent years. For instance, so called adaptive or active surfaces
with dual hydrophobic-hydrophilic behavior have been prepared with polymer brushes
that respond either/both to pH or/and to temperature.
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Hierarchically structured interfaces
Breath figures formed by water condensation employed as physical micropatterning
(‘top-down’ approach) to vary the topography was combined with the self-assembly of
block copolymers (‘bottom-up’ approach) to modulate the chemical distribution and
induce the formation of nanostructures within the cavities. Moreover, the polymer
surfaces described herein exhibit unique adaptive properties: both chemical composition
and the nanostructure formed can be, upon annealing, modified as a function of the
environment.

Self-assembly of amphiphilic copolymers as a consequence of their hydrophilic and
hydrophobic monomer units form upon micellization nanometer size objects in solution.
Micellization occurs when the copolymer is dissolved in a large amount of a selective
solvent for one of the blocks. Under these circumstances, the polymer chains tend to
organize themselves in a variety of structures from micelles or vesicles to cylinders. The
soluble block will be oriented towards the continuous solvent medium and become the

‘corona’ of the micelle formed, whereas the insoluble part will be shielded from the
solvent in the ‘core’ of the structure
Our group has been employed this principle to create micellar assemblies for different
purposes.

- Stimuli-responsive micellar assemblies
We report for the first time the formation of schizophrenic vesicles that can be
reversibly produced in moderate acidic or basic aqueous solutions from polypeptide
diblock copolymers.

- Catalytic nanoreactors
The synthesis and catalytic activity of linear copolymers of proline methacrylate and
styrene, with different molar ratios are reported. The compounds are soluble catalysts
for aldol reactions between aldehydes and ketones in water -without the need of any
extra organic solvent. They were designed on the basis that the presence of hydrophobic
groups around the proline moiety is beneficial for reactions to proceed in water.

- PH dependent catalytical micelles
We have reported the synthesis and aqueous catalytic evaluation of a linear
copolymer bearing both pendant proline and permethylated -cyclodextrin (-CD)
groups. It was designed on the basis that the presence of the hydrophobic cavity of
the -CD could bring aromatic substrates into close proximity to the surrounding
catalytic proline residues through host-guest interactions. The copolymeric catalyst
showed a pH-dependent behavior. At pH 7, the copolymer is found in solution as
extended single chains with negative charge, catalyzing the reaction in a fast and
non-stereoselective mode. At the isoelectric point (pH 3.8) where the positive and
negative charges of the zwitterionic proline are cancelled by forming charge
complexes, the copolymer forms multichain hydrophobic nanoaggregates most
probably stabilized by the permethylated -CD. Although the reaction inside these
‘nanoreactors’ is slower, it exhibits highly stereoselectivity.

3D printing is a type of additive rapid prototyping where material is added one layer at a
time to create a 3D object. We have constructed a RepRap: Prusa based on Fused
Deposition Modeling (FDM).
This printing approach uses molten (liquid) plastic extruded through a nozzle. The
nozzle or the object (or more often both) are moved along the three axes X, Y, Z.
The equipment, available at the institute for plastic transformation allows us to prepare
the plastic to be extruded. In particular we are interested in the preparation of functional
plastics that could after printing leads to 3D objects with unprecedented properties.

