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The The NanoscaleNanoscale in perspectivein perspective

(b) DNA -
Nanometer

(a) Atoms - Less 
than a nanometer

(c) Cells -
Thousands of 
nanometers

(d)  Pinhead - a million 
nanometers

(e)  Person -

Billions of 
nanometers



MultiMulti --functional Nanoparticlesfunctional Nanoparticles
(Core(Core--shell Structure)shell Structure)
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Magnetic Drug DeliveryMagnetic Drug Delivery

zz Traditional drug Traditional drug 
deliverydelivery

{ Taken at 
predetermined 
intervals

{ Only small 
percentage of drug 
reaches desired 
target

{ Side effects 
common

zz Magnetic drug Magnetic drug 
deliverydelivery

{ Small size allows 
capillary distribution and 
uniform perfusion at 
specific sites

{ Reduces chances of 
side effects

{ Controllable release 
rate of drugs



Magnetite (FeMagnetite (Fe33OO44))

z Face centered cubic
crystal structure

z Inverse spinel
structure
{ ½ Fe+3 tetrahedral
{ ½ Fe+3 & Fe+2

octahedreal
z Unit cell – 56 atoms: 

32 O-2 anions, 16 
Fe+2 and 8 Fe+2

cations



Advanced Characterization of   Advanced Characterization of   
MagnetiteMagnetite X-ray absorption 

Spectroscopy (XAS):
Synchrotron Light Source 
Brookhaven Nat LabX-ray diffraction of Fe3O4

nanoparticles: Synchrotron 
Light Source Brookhaven Nat 
Lab



SuperparamagnetismSuperparamagnetism

z No interactions between particles
z Magnetite, when brought down to the 

nanoscale, becomes  magnetically 
unstable due to thermal fluctuations

z Paramagnetic – upon removal of applied 
field, they retain no magnetization



Superparamagnetic behavior of     Superparamagnetic behavior of     
66--10 nm size Fe10 nm size Fe33OO44 nanoparticles nanoparticles 



BiocompatibilityBiocompatibility

z Biodegradability
z Toxicity
z Immune System z Require particles 

between 10-12 
nanometers

z End result 
nanospheres
under 170 nm

SynthesisSynthesis



MethoxyMethoxy poly(ethylenepoly(ethylene glycol) glycol) 
((mPEGmPEG))

z Nanospheres coated with mPEG
{ Coating reduces the uptake of 

nanoparticles into macrophage cells
{ Prevents body’s immune system from 

attacking the drug carriers
z Also increases biocompatibility, resists 

protein absorption, increases circulation 
time, and internalization efficiency



Poly LPoly L--Lactic Acid (PLLA)Lactic Acid (PLLA)

z High biocompatibility 
z Good biodegradable feature

{ Essential that particles come in 
contact temporarily

z Non-toxic products



Gold CoatingGold Coating
z Very compatible with biological molecules
z Easy control of composition, size, and 

geometry
z Better stabilization and drug release rate
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Gold Coating (cont.)Gold Coating (cont.)

Gold Coating of Magnetic Nanoparticles



PLLAPLLA--
mPEGmPEG

Protein Protein 
and and 
MagnetiteMagnetite



Au CoatingAu Coating



Magnetic Nanoparticles in Magnetic Nanoparticles in 
Biomedical ApplicationsBiomedical Applications



Magnetic Magnetic 
Nanoparticles in Nanoparticles in 
Biomedical  Biomedical  
ApplicationsApplications



ConclusionConclusion

z New possibilities in the biomedical 
applications due to nanotechnology

z More efficient and beneficial means of 
drug delivery



ReferencesReferences

z Kim, Do-kyung, “Nanoparticles: Engineering, Assembly, 
and Biomedical Applications,” Stockholm: 2002.

z Guyou, Arnaud, “Magnetic Polymeric Nanospheres for 
Targeted Drug Delivery,” Stockholm: 2002.

z Leach, Jeffrey, “Magnetic Targeted Drug Delivery,” 
Blacksburg, VA: 2003.

z Lopera-Gomez, S.A., Plaza, R.C., Delgado, A.V., 
Journal of Colloid and Interface Science, “Synthesis and 
Characterization of Spherical Magnetite/Biodegradable 
Polymer Composite Particle,” (40 – 47), 2001.


