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Summary of Proposal 

The present proposal integrates experimental and theoretical approaches in Materials’Science and
Physics, while addressing a specific application: optical sensing [1]. The optical-sensing will consist
of gas-selective sculptured thin films with 3D microstructure in the nanometer scale, with noble-
metal  nanoparticles  (Au,Ag)  embedded  in  an  oxide  dielectric  matrix  (TiO2,Al2O3),  exhibiting
Localized  Surface  Plasmon  Resonance  (LSPR)  [2-7].  Glancing  Angle  Deposition  technique
(GLAD) [8-10] by reactive magnetron sputtering will be used to prepare the films, which will then
be subjected to annealing processes in order to tailor the (micro)structure to respond to application
requirements.  These  nanometer-scaled  architectures  with  large  contact  areas  will  be  tailored  to
produce unique optical responses, within gas sensing-driven applications [7]. Growth mechanics,
nanoparticle formation and optical responses of the nanostructured films will be investigated [4-7],
including a detailed modeling protocol. This proposal will include the development of prototypes
designed to evaluate adsorption of several gases and linear dependence of LSPR peak position with
different gas concentrations.

(continue if necessary)

References

(to allow students first look at topic) 

MAP-fis Physics Doctoral Program – mapfis@map.edu.pt – http://www.map.edu.pt/fis
Departamento e Física e Astronomia, Faculdade de Ciências da Universidade do Porto, 4169-007 Porto 
Portugal - Tel: +351 220402393

http://www.map.edu.pt/fis
mailto:mapfis@map.edu.pt
mailto:joelborges@fisica.uminho.pt
mailto:fvaz@fisica.uminho.p


[1] J Homola, SS Yee and G Gauglitz, “Surface plasmon resonance sensors: review”, Sensors and
Actuators B 54 (1999) 3

[2] SA Maier, “Plasmonics: Fundamentals and Applications”, Springer, New York, 2007

[3] RBM Schasfoort and AJ Tudos, “Handbook of Surface Plasmon Resonance”, The Royal Society
of Chemistry, 2008

[4]  M.S. Rodrigues,  J.  Borges,  C.  Gabor,  D.  Munteanu,  M. Apreutesei,  P.  Steyer,  C.  Lopes,  P.
Pedrosa, E. Alves, N.P. Barradas, L. Cunha, D. Martínez-Martínez, F. Vaz, Functional behaviour of
TiO2 films doped with noble metals, Surface Engineering, (2016) 1-8.

[5] J. Borges, T. Kubart, S. Kumar, K. Leifer, M.S. Rodrigues, N. Duarte, B. Martins, J.P. Dias, A.
Cavaleiro, F. Vaz, Microstructural evolution of Au/TiO2 nanocomposite films: The influence of Au
concentration and thermal annealing, Thin Solid Films, 580 (2015) 77-88.

[6]  J.  Borges,  M.S.  Rodrigues,  T.  Kubart,  S.  Kumar,  K.  Leifer,  M. Evaristo,  A.  Cavaleiro,  M.
Apreutesei,  R.M.S.  Pereira,  M.I.  Vasilevskiy,  T.  Polcar,  F.  Vaz,  Thin  films  composed  of  gold
nanoparticles dispersed in a dielectric matrix: The influence of the host matrix on the optical and
mechanical responses, Thin Solid Films, 596 (2015) 8-17

[7] AJ Haes, S Zou, GC Schartz and RP Van Duyne, “A Nanoscale Optical Biosensor: The Long
Range  Distance  Dependence  of  the  Localized  Surface  Plasmon  Resonance  of  Noble  Metal
Nanoparticles”, J Phys Chem B 108 (2004) 109

[8]  M.T.  Taschuk,  M.M. Hawkeye,  M.J.  Brett,  “Glancing Angle Deposition”,  in  “Handbook of
deposition  technologies  and  for  films  and  coatings”,  by  P.M.  Martin,  Third  Edition,  Elsevier,
Oxford, (2010).

[9] Angel Barranco, Ana Borras, Agustin R. Gonzalez-Elipe,  Alberto Palmero,  “Perspectives on
oblique  angle  deposition  of  thin  films:  From  fundamentals  to  devices”  Progress  in  Materials
Science, Volume 76, March 2016, Pages 59-153

[10] P. Pedrosa, C. Lopes, N. Martin, C. Fonseca, F. Vaz, “Electrical characterization of Ag:TiN thin
films produced by glancing angle deposition”, Materials Letters, 115 (2014) 136-139

MAP-fis Physics Doctoral Program – mapfis@map.edu.pt – http://www.map.edu.pt/fis
Departamento e Física e Astronomia, Faculdade de Ciências da Universidade do Porto, 4169-007 Porto 
Portugal - Tel: +351 220402393

http://www.map.edu.pt/fis
mailto:mapfis@map.edu.pt

	MAP-fis Essay Proposal, 2016-2017
	Supervisor
	Name: José Filipe Vilela Vaz / Joel Borges
	e-mail: fvaz@fisica.uminho.p / joelborges@fisica.uminho.pt t

	Title
	Area
	Summary of Proposal
	References


