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hydrophilic, low-protein binding porous shell around the nanoparticle core.21 The 
high surface to volume ratio of nanoparticles results in a high number of anchoring 
points at the surface facilitating attachment of a range of targeting molecules for 
tracking of certain cells or tissues.   
 

The aim of this thesis has been to produce stable nanoparticle systems exhibiting 
properties suitable for imaging application. Nanoparticles composed of ZnO, 
Gd2O3 and ZnO in combination with Gd ions were synthesized and characterized 
by means of crystalinity, shape and size. The aim was to obtain ZnO nanoparticles 
with bright fluorescence and Gd2O3 nanoparticles showing high MR signal 
enhancement. The synthesis strategy is an important factor for optimization of 
these physical properties and several synthesis strategies have hence been explored 
and a new synthesis strategy to obtain high relaxivity Gd2O3 nanoparticles has been 
developed. The stability issues of the nanoparticles were investigated where 
coordination- and covalently based attachment and surface modification was used. 
The challenge of producing a biocompatible encapsulation of the nanoparticles was 
investigated and finally a two-step encapsulation process was performed where a 
potential targeting molecule was attached to the stabilized nanoparticle system. 
Each step of the encapsulation process was carefully studied using Near Edge X-
ray absorption fine structure spectroscopy (NEXAFS), X-ray Photoemission 
Electron Spectroscopy (XPS) and Infrared Spectroscopy (IR). 

 

 
 Figure 1.1. Schematic illustration of issues discussed in chapter 2 to 5. 
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                                  CHAPTER 2 

                                                                                                Nanoparticle core 

 A nanomaterial is commonly defined as an intentionally made material having at 
least one dimension below 100 nm with properties different from those of a bulk 
material.5, 6 Nanomaterials studied in the area of nanoscience, are by definition 
restricted to a material of nano size having other electrical, mechanical and optical 
properties than both the bulk material and single molecular (atomic) states of the 
same material. There are a large number of existing nanomaterials today but the 
true potential of nanomaterials is to be explored in the future. The building blocks 
of a nanomaterial can be in nano-size in one or several dimensions. Nanowires or 
nanotubes are in the nano-range in two out of three dimensions whereas 
nanoparticles are in the nano-size in all three dimensions.7  

Polymer, metal and metal oxide based nanoparticles are examples of nanomaterials 
used today for applications such as; signaling, sensing, chemical detection, biochip 
arrays and biomedical imaging.22, 23, 24 In this chapter the general properties of 
nanoparticles are presented, synthesis pathways and characterization techniques are 
discussed, as well as approaches to design and develop metal oxide nanoparticles to 
be used as fluorescent probes and as MR signal enhancing agents.  

 





























19 

 

 

 

 

 

 

 

            CHAPTER 3 

                                             Chemical interactions, core-capping 

A naked metal oxide nanoparticle is unstable and will dissolve in a matter of hours 
in most solvents. As-prepared metal oxide nanoparticles are also insoluble in most 
solvents, polar as well as nonpolar. These stability issues are most often 
circumvented by attachment of a suitable capping molecule.60 Stabilization of the 
surface atoms of the nanoparticle occur by coordination or covalent attachment of 
a capping molecule and an increased colloidal stability is achieved.60 This thesis is in 
addition to nanoparticle synthesis and characterization also focused on stabilization 
of the nanoparticle core with a suitable capping agent where the effort has been on 
functionalization using carboxylic acids and silanes as anchoring groups.  

3.1 Stabilizers used in synthesis pathways 

All nanoparticle synthesis pathways involve capping agents such as surfactants 
acting as stabilizers of the freshly synthesized nanoparticles. A surfactant prevents 
nanoparticle aggregation by steric or electrostatic repulsion and do also tend to 
decrease the mean particle size by restricting the particle growth during synthesis.61 
An example of a surfactant molecule is tetrabuthyl ammonium bromide (TBAB) 
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          CHAPTER 4 

                                                                           Biocompatibility 

Our long term goal is to use nanoparticles for in-vivo and in-vitro bioimaging 
purposes, thus such nanoparticles have to fulfill the requirements for a 
biocompatible nanomaterial.  
 
There are a range of issues to be addressed when producing such biocompatible 
nanoparticle based materials, one of them is the size of the individual particles, as 
this will govern their circulatory time. Nanoparticles should be smaller than the 
threshold for optimal kidney clearance and still large enough to facilitate excellent 
MR-signal strength i.e. they should stay in the system during the full examination 
time. Very small nanoparticles will risk to be rapidly excreted via the urine, and thus 
removed from circulation.53  
 
Materials based on nanoparticles do per se, have a large surface area, which may 
introduce high reactivity. This high reactivity can induce chemical reactions (see 
Chapter 3) and may also result in aggregation of nanoparticles, reduced clearance 
and risk for accumulation of nanoparticles in kidneys, liver and spleen. 
Nanoparticles may also interact and bind non-specifically to cell surfaces. 
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          CHAPTER 5 

                                                          Targeting, a long term goal 

A long term goal of a nanomaterial for imaging purposes would be to add targeting 
ability to the material. This enable targeted imaging where nanoparticles could be 
directed towards cells and tissue resulting in local image contrast. There are several 
possibilities for such targeting, where attachment of antibodies to the nanoparticle 
is one option.97 There might, however, be restrictions with this approach as the 
orientation of the antibody is crucial for efficient recognition and the means for 
controlling this are limited. Furthermore, the antibodies are also in the same size 
range or larger than the nanoparticles which makes the total hydrodynamic 
diameter of the targeted nanoparticle larger. This may prolong the time for 
recognition and possibly even hinder the nanoparticle to reach its target.98 
Attachment of small molecules or peptides used as ligands for targeting would in 
that sense be a more straight forward approach.98 

5.1 Biotin 

Biotin is one example of a small molecule suitable for targeting purposes. A Biotin 
functionalized nanoparticle could be used for detection of Streptavidin/Avidin as a 
proof of concept but also for detection of cancer cells. Cancer cells have a rapid 
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