
Micro- and Nanoparticle Technology Mini-Projects FS17
(E: experimental, T: theoretical, L: literature study)

	
(E)
	Size selected noble metals for catalysis 
	AVAIL.

	
	Noble metals between 1 and 10 nm are very active in catalysis. The size of the cluster determine conversion and the selectivity towards a certain product. In this project monodisperse Rh clusters will be produced and deposited on Al2O3 supports. These particles will be tested for their performance in NOx reduction.  

Supervisor: Robert Büchel      (ML F23, 2 25 02, buechel@ptl.mavt.ethz.ch)

	
(E)
	Interaction of Rh with Al2O3 or BaCO3
	AVAIL.

	
	Smaller particles sizes are better for noble metals since the active surface per mass is higher. Typically, with higher surface of the support also the noble metal is smaller. In a recent study it was observed that the nature of the support, like for example BaCO3, may change this trend into an opposite correlation. In this project you will investigate the physics behind this effect.

Supervisor: Robert Büchel      (ML F23, 2 25 02, buechel@ptl.mavt.ethz.ch)

	
(E)
	Ethanol to acetic acid oxidation with  noble metal catalysts
	AVAIL.

	
	Gold-based catalysts are very attractive for selective oxidation of alcohols. Here, we focus on the selective catalytic oxidation of ethanol, a fast and environmentally friendly way for the production of acetic acid. In this project the support interaction with gold will be studied by investigation the Fe doping effect on CeO2. 

Supervisor: Sotiria Mostrou (HCI E 128, 3 48 32, sotiria.mostrou@chem.ethz.ch)
                   Robert Büchel   (ML F23, 2 25 02, buechel@ptl.mavt.ethz.ch)

	
(E)
	Ag catalyst for NO reduction with CO
	AVAIL.

	
	NO is a polluting agent and it is unavoidably produced during combustion of fossil fuels with air. It can be reduced to N2 with CO as reducing agent and this reaction is catalyzed by many noble metals (Pt, Pd, Ag). Among those, Ag is particularly attractive due to its good activity and significantly lower cost. In this project, you will investigate the optimal composition of a silver catalyst for NO reduction. 

Supervisor:  Davide Stucchi     (ML F23, 2 25 02, stucchid@student.ethz.ch)
                    Robert Büchel      (ML F23, 2 25 02, buechel@ptl.mavt.ethz.ch)

	
(E)
	Synergistic effect of Au and Fe in catalytic NO reduction with CO
	

	
	Even though Au nanoparticles are promising in catalysis due to their high activity at low temperature, only a limited activity was reported for NO reduction with CO on Au. This limited activity can be drastically increased through the addition of Fe to the catalyst. In this project, you will investigate the effect of the metal composition on the activity of Au/Fe catalyst for NO reduction. 

Supervisor:  Davide Stucchi     (ML F23, 2 25 02, stucchid@student.ethz.ch)
                    Robert Büchel      (ML F23, 2 25 02, buechel@ptl.mavt.ethz.ch)





	
(E)
	Atomic-sized Pd for NOx decomposition
	AVAIL.

	
	NOx is one of a major air pollutant. A photocatalytic material, TiO2, can decompose NOx when it is exposed to sun light. Recently, we found atomic Pd deposited on TiO2 showing a 4 times higher NOx decomposition rate compared to a commercial Pd/TiO2. So far, such atomic Pd can be deposited only up to 0.1 wt% on TiO2. To increase the loading of atomic Pd on TiO2 for further improving the performance, you will investigate the flame synthesis conditions to achieve higher atomic Pd loading.

Supervisor: Kakeru Fujiwara (ML F16, 2505 fujiwara@ptl.mavt.ethz.ch)

	
(E)
	Catalytic conversion of CO2 to useful chemicals
	AVAIL.

	
	CO2 is a major greenhouse gas and thus, reducing its emissions is an extensive task. Converting CO2 to useful chemicals using a catalyst is an attractive approach for the reduction. Pt/CeO2 is a promising catalyst to convert CO2 to so-called syngas that is an important feedstock for various chemicals. In this project, you will explore additives (e.g. Ti, Sn) to Pt/CeO2 catalyst to boost the generation of a synthetic gas.

Supervisor: Kakeru Fujiwara (ML F16, 2505 fujiwara@ptl.mavt.ethz.ch)

	
(E)
	Miniaturization of MOx sensors for compact breath analyzers
	AVAIL.

	
	Gas sensors assembled from nanostructured materials have become increasingly attractive for applications, for instance, in medical diagnosis. Their commercial exploitation requires, however, a compact design and a scalable and cost-effective production. The goal of this project is to evaluate the gas sensing properties of miniaturized metal-oxide nanoparticle films on silicon wafer substrates for easy integration into low-power electronics such as portable breath analyzers or smart phones.

Supervisor: Andreas Güntner (ML F20, 2 74 11, Andreas.Guentner@ptl.mavt.ethz.ch)
Supervisor: Christoph Blattmann (ML F18, 2 68 52,  blattmann@ptl.mavt.ethz.ch)

	
(E)
	Sensor arrays for breath analysis
	AVAIL

	
	Selective detection of breath markers remains a major challenge towards portable breath analyzer. While single sensors typically lack selectivity, this can be overcome by combining broadly sensitive but differently selective sensors in arrays, so-called electronic noses (E‑nose), that mimic the mammalian olfactory system. Here, a highly sensitive, selective and compact E-nose will be developed for real-time quantification of acetone, isoprene and ammonia in breath-realistic gas mixtures. This E-nose will consist of four nanostructured and highly porous Pt-, Si-, Pd- and Ti-doped SnO2 sensing films directly deposited onto silicon wafer-based microsubstrates by flame spray pyrolysis (FSP).

Supervisor: Andreas Güntner (ML F20, 2 74 11, Andreas.Guentner@ptl.mavt.ethz.ch)
Advisor:      Nicolay Pineau (ML F20, pineaun@student.ethz.ch)

	
(E)
	Kidney failure detection from breath by noble metal-doped α-MoO3
	AVAIL

	
	Gas sensors using metal oxide semiconductors have been the subject of extensive investigations for more than three decades, primarily focusing on SnO2. However, the selectivity remains the major constraint in the application of these devices for breath analysis. This can be overcome by carefully selecting and tailoring the metal oxide. In specific for NH3, a breath marker for kidney and liver disease, α-MoO3 showed promising selectivity and high sensitivity down to 400 ppb at high relative humidity. In this study, the effect of additional noble metal dopants on the NH3 sensor performance of α-MoO3 will be assessed.

Supervisor: Andreas Güntner (ML F20, 2 74 11, Andreas.Guentner@ptl.mavt.ethz.ch)


	
(E)
	Effect of solvent composition on surface chemistry of flame-made SiO2 nanoparticles
	AVAIL

	
	The properties of amorphous silicas largely depend on their surface chemistry. This not only determines their numerous applications, e.g. as catalyst supports or adsorbents, but can also influence their biological activity. Here the effect of the solvent composition on the surface chemistry of SiO2 nanoparticles made by flame spray pyrolysis will be investigated. 

Supervisor: Anastasia Spyrogianni (ML F24, 2 39 52, spyrogianni@ptl.mavt.ethz.ch)

	
(E)
	Effect of matrix composition on luminescence performance of near-ultraviolet and visible excitable nanophosphors
	AVAIL.

	
	Luminescent rare-earth-based inorganic nanoparticles (nanophosphors) that can be excited in the near-ultraviolet and visible region provide a useful tool for bioimaging and in vitro dosimetry studies using conventional fluorescence microscopes. Here Y2O3:Eu3+,Bi3+ nanophosphors will be produced by flame spray pyrolysis, characterized and compared (in terms of performance) with previously produced YVO4:Eu3+,Bi3+ nanophosphors.

Supervisor: Anastasia Spyrogianni (ML F24, 2 39 52, spyrogianni@ptl.mavt.ethz.ch)

	
(E)
	Tuning morphology of BaTiO3 nanoparticles for flexible nanocomposites
	AVAIL.

	
	Flexible nanocomposites are of high interest as low temperature solution processable material for flexible electronics. Here, BaTiO3 nanoparticles are explored as filler material for new flexible thin film memory devices. The goal of this project is to improve the dispersion of nanoparticles in polymer solutions by reducing the agglomerate size of as-prepared particles. A modified reactor set-up will be used to investigate the impact of process parameters on BaTiO3 morphology. 

Supervisor: Gian Nutal Schädli (ML F24, 2 09 43, schaedli@ptl.mavt.ethz.ch)

	

(E)
	Synthesis of lead free piezoelectric K1-xNaxNbO3 nanoparticles
	AVAIL.

	
	Legal restriction of hazardous substances (e.g. lead) in electronics has enforced research on the development of lead-free piezoceramics. K1-xNaxNbO3 (KNN) is a promising material with the potential to replace lead-zirconate-titanate. Its exceptional ferroelectric and piezoelectric properties makes it an attractive material for nanogenerators. The goal of this project is to synthesis KNN by flame spray pyrolysis technique. 

Supervisor: Gian Nutal Schädli (ML F24, 2 09 43, schaedli@ptl.mavt.ethz.ch)

	
(E)
	Flexible transparent nanocomposite conductors
	AVAIL.

	
	Flexible conductors with high transparency are of great importance for endless applications in modern electronics. Fabricating such films on hydrophobic surfaces (e.g., silicone rubber) can bring along extra processing steps. This project will examine the preparation of polymer electrodes on hydrophobic surfaces in the presence and absence of nanoparticle filler. The influence of the filler on the electrical, optical and mechanical behavior will be investigated.

Supervisor: Christoph Blattmann (ML F18, 2 68 52, blattmann@ptl.mavt.ethz.ch)

	
(E)
	Filler homogeneity and content in nanocomposite films
	AVAIL.

	
	Polymer nanocomposites obtain their desired properties due to the combination of polymer and nanoparticle filler their fabrication method should allow for tunable filler content up to high values. This project will prepare polymer nanocomposite films by a rapid technique and determine their filler content and distribution homogeneity.

Supervisor: Christoph Blattmann (ML F18, 2 68 52,  blattmann@ptl.mavt.ethz.ch)

	
(E)
	Nanoparticles for photothermal treatment of cancer
	AVAIL

	
	Plasmonic nanostructures are able to efficiently absorb and thereafter convert light into heat. This idea is especially promising to biomedical application and the thermal killing of diseased cells such as cancer. In this project novel plasmonic Ag nanosystems will be investigated, with the goal of maximizing their therapeutic heating efficiency. 
Supervisor: Fabian Starsich (ML F22, 2 62 73, fabiasta@ethz.ch)

	
(E)
	Multimodal magnetic resonance imaging contrast agents
	AVAIL

	
	Magnetic nanoparticles are promising systgems acting as contrast agents in magnetic resonance imaging (MRI). Here, we will engineer novel multimodal nanosystems, which enhance the image quality allowing clinicians a more detailed diagnosis. This project will be accompanied by the Institute for diagnostic Radiology at the University Hospital Zurich.
 Supervisor: Fabian Starsich (ML F22, 2 62 73, fabiasta@ethz.ch)

	
(E)
	Nanoparticles for photothermal treatment of cancer
	AVAIL

	
	Photothermal therapy (PTT) uses strongly absorbing materials to generate heat from light, leading to the ablation of cancer cells through local heating. PTT has become an alternative to established cancer treatments such as chemotherapy and radiotherapy. In this project, novel nanoparticles and their potential as PTT agents will be investigated.
Supervisor: Pascal Gschwend (ML F16, 2 09 32, gschwend@ptl.mavt.ethz.ch)

	
(E)
	Luminescent nanoparticles for solar cells
	AVAIL

	
	Silicon solar cells are widely used to harvest solar energy.. However, they can only convert a fraction of the spectrum of the sun into electricity, which limits their efficiency. The goal of this project is to investigate luminescent nanoparticles for increased solar cell efficiency through solar light conversion. 

 Supervisor: Pascal Gschwend (ML F16, 2 09 32, gschwend@ptl.mavt.ethz.ch)

	
(E/T)
	Designing Agglomerate Size and Morphology by Relative Humidity
	AVAIL.

	
	Flame made clusters of primary particles (agglomerates) restructure and shrink in small and spherical entities, after processing in humid conditions. Thus, their size and morphology can be tuned by relative humidity to optimize their performance in industrial and biomedical applications. Here, the effect of the primary particle size distribution on agglomerate restructuring will be investigated.

Supervisor:  Georgios Kelesidis (ML F25, 2 63 55, gkelesidis@ptl.mavt.ethz.ch)

	

(T)
	Fire Detection by Agglomerate Light Scattering
	AVAIL.

	
	[bookmark: _GoBack]Most of today’s fire detectors work by light scattering of soot particles. Even though the production cost of such detectors is low, the expenses associated with false alarms triggered by nuisance aerosols are high. Here, the light scattering of simulated agglomerates with polydisperse primary particles is estimated in order to optimize fire alarms.

Supervisor:  Georgios Kelesidis (ML F25, 2 63 55, gkelesidis@ptl.mavt.ethz.ch)




	
(T)
	A comparative study of the sorption and diffusion of several gas molecules (ethanol, isoprene, ammonia, water, formaldehyde) in zeolites
	AVAIL.

	
	In the lab (PTL), novel sensors based on zeolites are designed for the selective sensing of formaldehyde. Our project will attempt to provide a molecular-level understanding of the factors governing the interaction of several gas sorbates with silicalite-1. We will develop the basic building blocks needed for the molecular simulation (with molecular dynamics and Monte Carlo) of gases in zeolites. These will be used next for the calculation of the adsorption isotherms of several molecules in silicalite-1 and the prediction of their diffusion coefficients.

Supervisor:  Vlasis Mavrantzas (ML F14, 28503, vlasis@chemeng.upatras.gr)

	
(T)
	Simulation methods to compute the chemical potential and fugacity of gases
	AVAIL.

	
	To compute the sorption of small gas molecules in materials with a complex microstructure, a widely employed method is Grand Canonical Monte Carlo (GCMC). GCMC requires knowledge of the chemical potential of the gas in its vapor phase. In this project, we will compute the excess chemical potential of several gases (isoprene, water, ammonia, ethanol, formaldehyde) as a function of temperature at a given pressure (typically atmospheric) and will compare the results against experimental data.

Supervisor:  Vlasis Mavrantzas (ML F14, 28503, vlasis@chemeng.upatras.gr)
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