
 

 

ITN Annual Report – 2009 97 
 

Condensed Matter Physics 
 

Fernanda Margaça 

 
 

The Group's main field of research is the development 

and characterisation of materials with new or 

improved properties. For this purpose, radiation is 

used as a tool to investigate the structure and to induce 

structural modifications in particular samples. Special 

polymeric materials have been investigated in 

collaboration with groups from the Universities of 

Aveiro and Coimbra, Laboratoire Léon Brillouin 

(CEA-CNRS-Saclay), KFKI, Budapest, and the 

Budapest Neutron Centre. The main effort has been 

made to characterise the hybrid materials and co-

polymers prepared by gamma irradiation using the 
60Co source of UTR. 

The systems studied involved hybrids prepared from 

mixtures of a polymer (PDMS) and different metallic 

alkoxides. Characterization of selected samples 

prepared by gamma irradiation continued, making use 

of a wide range of techniques, most of them available 

at ITN.  

In 2009 sol-gel hybrid materials prepared in Aveiro 

University were also studied.  

Some selected samples of hybrids prepared by 

irradiation have been measured by small angle neutron 

scattering in the Budapest Neutron Centre in Hungary. 

During 2009 a PhD thesis has been concluded on the 

development of new copolymers (HEMA grafted on 

LPDE thin films) suitable for bioapplications. The 

elaboration of the necessary report for registration of a 

National Patent for the new polymeric material and its 

respective method of preparation is being resumed.  

In collaboration with the RPI staff, a thorough 

evaluation of the present status of the neutron beam 

equipment was made, the perspectives of research and 

training activities at RPI were also evaluated and a 

strategy for future development agreed upon. To try to 

overcome the chronic lack of funds allocated to the 

neutron beam activities at ITN, a project entitled 

Neutron diffraction for the scientific community was 

submitted for funding to the Foundation for Science 

and Technology, led by a researcher recently hired in 

the framework of the program Ciência 2008. The pace 

at which changes can occur is somewhat dependent on 

the assessment of the project submitted to FCT. 
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The role of Zirconium as thermal stabilizer of PDMS-TEOS hybrids 
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1
,
 
M. M. Portela Marques

1
, L.M. Ferreira and A.N. Falcão 

 

 

Objectives 

To study the influence of the addition of small 

percentages of zirconium in the thermal stability of 

TEOS-PDMS hybrid materials. 

Results 

Hybrid materials were prepared using 

Tetraethylortosilicate and Polydimethylsiloxane 

silanol terminated with the addition of small contents 

of Zirconium Propoxide ≤ 5 wt%. The thermal 

stability of the sol-gel prepared samples was studied 

by Infra-red spectroscopy, 29Si Nuclear Magnetic 

Resonance, Thermal Analysis and Scanning Electron 

Microscopy. All samples were monolithic after drying 

at 120 ºC.  After heat treatment at 400ºC the samples 

prepared with 0 wt% in Zirconium Propoxide present 

high porosity. It was found that the content in 

Zirconium Propoxide is directly related with the 

thermal stability of the hybrid materials [1,2]. 
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Fig.1 and Fig. 2 show Infra-red spectra of samples dried at 120ºC 

and heat treated at 400 ºC, with (a) and without (b) zirconium 

propoxide addition. 
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Fig.3 29Si MAS NMR results for two samples, heat treated at 400ºC, 

one with zirconium addition (Z5-20) and another without zirconium 

addition (Z0-20). 

 

Monolithic samples of PDMS-TEOS hybrids were 

obtained after drying at 120ºC. Upon heat treatment at 

400ºC the samples prepared without zirconium 

propoxide addition were highly porous whereas the 

addition of zirconium propoxide allows retaining the 

dense monolithic character of the hybrid materials. 

The characteristic IR bands associated to PDMS 

decrease in intensity or disappear with the heat 

treatment at 400ºC for samples prepared without 

zirconium propoxide while these bands are still 

observed in samples prepared with zirconium 

propoxide heat-treated at the same temperature. The 

fact that no IR resonances due to units related with 

PDMS are observed for samples prepared without 

zirconium propoxide is indicative that the polymer 

degradation occurred during the heat treatment until 

400 ºC. These IR results were further confirmed by 
29Si NMR and thermal analysis. 

It was found that the thermal stability of TEOS-PDMS 

hybrid materials can be increased by small additions 

of zirconium.  
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Modification of Polyethylene by Grafting Copolymerization Induced by Gamma Radiation – Its 

Application in Biomaterials Field 

L.M.Ferreira 

 

Polyethylene, due to its excellent chemical resistance, high impact resistance and gas permeability, has been 

extensively used as a backbone for radiation grafting of different monomers. However its hydrophobicity 

restricts its use as biomaterial. Several studies showed that the graft of 2-hydroxiethyl methacrylate (HEMA) 

onto a range of polymeric substrates results in an increase of materials hydrophylicity and biocompatibility. 

In this context, HEMA was used as graft monomer and gamma radiation, from ITN 60Co facility, as energetic 

source for the initiation of grafting process. Copolymers of polyethylene-g-2-hydroxyethyl methacrylate (PE-g-

HEMA) were prepared in two final forms: granules and films. The optimization studies revealed that the 

radiation grafting process is sensitive to monomer concentration, irradiation environment and dose-rate. The best 

experimental conditions were determined (highest grafting yield and efficiency) and were used to produce PE-g-

HEMA films. 

The characterization of copolymeric materials showed that, even the high grafted samples, maintain good 

structural cohesion resulting mainly from the radiation protective effect of poly(HEMA) branches grafted onto 

polyethylene backbone. In particular, copolymeric films exhibit a rough surface, suitable for bio-interaction for 

cell adhesion and/or proliferation. The films surface roughness can be tailored by means of the radiation dose 

during the preparation stage.  

It was observed in PE-g-HEMA films, improved hydrophylicity (up to 95%), non-hemolytic effect (in vitro 

biocompatibility) and low contamination. These findings point out for very interesting biological properties, 

suggesting multiple bioapplications possibilities for this grafted material, mainly in the biomedical area. 

 

The elaboration of the necessary report for registration of a National Patent for the new polymeric material and 

its respective method of preparation is being resumed.  

 

 

 

 

 

 

 

 

 

Fig.1 Micrographs of the cross section and surface of a copolymeric PE-g-HEMA film grafted at 403% (D= 9,0 kGy) obtained by 

optical microscopy (left) and SEM (right). 

 

 

Collaboration in the Development of Instruments for Neutron Scattering at RPI 

A.N. Falcão, F.M.A. Margaça 

 

In 2009 and in collaboration with the RPI staff, a thorough evaluation of the present status of the neutron beam 

equipment was made, the perspectives of research and training activities at RPI were also evaluated and a 

strategy for future development agreed upon. To try to overcome the chronic lack of funds allocated to the 

neutron beam activities at ITN, a project entitled Neutron diffraction for the scientific community was submitted 

for funding to the Foundation for Science and Technology, led by a researcher recently hired in the framework of 

the program Ciência 2008. The pace at which changes can occur is somewhat dependent on the assessment of 

the project submitted to FCT 
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