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Introduction:
Cystic fibrosis is an inborn genetic disorder that results in a defective transmembrane regulator protein. As a result, 
the salt concentration within the body’s various systems cannot be adequately controlled, producing excess sweat 
as well as excess viscous mucus in the pancreas, liver, intestines, and lungs that cannot be expelled through by the 
body’s usual processes. Current treatments for infections of the lungs resulting from the stagnant environment are 
not effective. As a consequence, most individuals with cystic fibrosis die from infections of Pneumonia aeruginosa 
that could normally be treated using antibiotics, but because of the thick mucus barriers, these drugs cannot be 
efficiently delivered to the sites of infection.
A new method is required to facilitate the transport of antibiotics through the thick mucus. One potential method,  
and the subject of this work, is to conjugate antibiotic molecules to iron oxide nanoparticles that display super-
paramagnetic properties. These nanoparticles could then be directed through the lungs to the regions of infection 
by applying a direct magnetic field, while simultaneously applying a perpendicular, high frequency alternating 
magnetic field to induce vibrations causing localized heating, thereby easing the transport of the particles 
through the mucus. This work focuses on the synthesis of magnetic nanoparticles, their hydrophilization and 
multifunctionalization with ZnS, fluorescent CdSe quantum dots, and an additional layer of ZnS to allow for easy 
optical characterization of the dynamic properties of the particles under the influence of a magnetic field in vitro.

Experimental Procedure:

The iron oxide nanoparticles were synthesized according to 
a procedure outlined in detail by Selvan, et al. [1], using a 
hyperthermal process under a nitrogen atmosphere resulting 
in hydrophobic particles. A solution of iron pentacarbonyl 
and oleic acid was refluxed at 290ºC, contrary to the 200ºC 
suggested in [1], until it turned black in color, upon which an 
oxidizer, trimethylamine N-oxide, was added. 
The final solution was centrifuged to separate out the 
nanoparticles. These nanoparticles were suspended in hexane 
and tested using a small magnet to obtain a qualitative 
determination of their magnetic character. Hydrophilization 
of the iron oxide cores was attempted using a reduced form 
of lipoic acid.
A portion of the hydrophobic iron oxide particles were coated 
with ZnS/CdSe/ZnS following Du, et al. [2] and previous 
work completed in Dr. Marek Osinski’s lab [3]. The particles 
were injected into a solution of trioctylphosphine oxide and 
hexadecyl amine under nitrogen prior to injection of zinc 
and sulfur precursors. Separate solutions of zinc and sulfur 
precursors were prepared and injected into the hot iron oxide 
solution in equal volume increments sequentially and allowed 

to react. Additional zinc sulfide (ZnS) layers were added by 
performing more injections; typically three ZnS layers were 
used to cap the iron oxide particles.
A cadmium selenide (CdSe) layer was added to add optical 
functionality to the particles. This layer was synthesized by 
first producing a precursor solution of cadmium acetate and 
selenium in trioctylphosphine. This precursor solution was 
allowed to interact with the iron oxide/ZnS nanoparticles 
at elevated temperatures. Upon completion of the reaction, 
additional capping layers of ZnS were added on top of the 
CdSe, using the same procedure as previously described.

Results and Discussion:
Iron oxide nanocrystals without (Figure 1) and with (Figure 
2) ZnS coating were imaged using a transmission election 
microscope. From the tunneling electron microscopy (TEM) 
images, it is apparent that the iron oxide nanoparticles are 
highly monodisperse at ~ 2-3 nm. These results were produced 
several times over, indicating reproducibility. Upon addition of 
the ZnS capping layers, the diameter of the particles increased 
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to ~ 10-12 nm. X-ray diffraction (Figure 3) indicates that the 
iron oxide particles are a mixture of maghemite and magnetite. 
Although the synthesis outlined by [1] was aimed at producing 
maghemite, the mixture of species has no negative impact on 
the magnetic character of the particles as both have inherent 
superparamagnetic properties at the nanoscale.
Synthesis of the multifunctional iron oxide/ZnS/CdSe/ZnS 
was unsuccessful. Their magnetic character was minimal, and 
their absorbance spectrum (Figure 4), indicates limited to no 
optical excitation, which would be present if the quantum dots 
were synthesized correctly. From TEM images (not shown), it 
appears that the CdSe particles were too large to fluoresce and 
effectively coat the smaller iron oxide/ZnS particles.
The success of the hydrophilization attempts of the iron oxide 
with reduced lipoic acid is unknown. The necessary equipment 
required to successfully centrifuge out the small quantity of 
altered nanocrystals was not present and not available in the 
time permitted for this research.

Conclusions and Future Work:
Although the synthesis of multifunctional nanoparticles was 
unsuccessful, the reproducibility of highly monodisperse iron 
oxide cores is a big step in the right direction. These particles 
showed significant magnetic character, a necessary property 
for the proposed application. In addition to the success of the 
synthesis of the cores was their capping with ZnS.
The procedure for multifunctionalization will need to be 
modified and perfected before characterization can be done 
investigating the behavior of these particles within a direct and 
an alternating magnetic field. Additionally, hydrophilization 
techniques with lipoic acid, or possibly polyethylene glycol, 
will need to be perfected.
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Figure 1: TEM image of iron oxide nanoparticles.

Figure 2: TEM image of ZnS capped iron oxide nanoparticles.

Figure 3: X-ray diffraction profile of iron oxide nanoparticles.

Figure 4: Absorption spectrum of iron oxide/ZnS/CdSe/Zns.




