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Outline

Superparamagnetic iron oxide / polymer brush core-shell NPs

ü Monodisperse cores + homogeneous organic/polymer shell properties
ü Self-assembly into membranous and responsive nanoscale vesicles
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Core-shell nanoparticle design and interactions
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Application:
Biomedical imaging and 
biological targeting
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Core:
Desired functionality.
Works as antenna or 
container.

Shell:
Spacer/linker that defines the interaction of the NP with its 
environment; ideally it makes the core invisible until actuated. 
Dense and end-grafted polymer brush

Functionalgroup:
Controls specific interactions, such as targeting of 
tissue specific proteins in cell membranes.

Anchor group:
Attaches shell to core.

Anatomy of core-shell nanoparticles

E. Amstad et al., Nanoscale(2011)
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Monodisperse superparamagnetic core-shell NP synthesis

Ὠ = 8.3 nm
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Good anchors

nitroDOPA

nitrodopamine

A. Lassenbergeret al., ChemMater (2017)
A. Lassenbergeret al., Langmuir(2016)
E. Amstadet al., Small (2009) 
E. Amstad et al., Nano Lett (2009)
E. Amstad et al., J Phys ChemC (2011)
R. Zirbset al., Nanoscale (2015)
O. Bixner et al., Langmuir(2015)
A. Lassenbergeret al., ACS AMI (2017)
B. Shirmardi et al., Nanoscale(2017)

Å Controlled superparamagnetic size 3.5-15/20 nm
Åέ{ǇƘŜǊƛŎŀƭέ
Å Monodisperse (s< 5%)
Å Irreversible dispersant binding (required)
Å Controlled dispersant grafting density
Å Free from excess dispersant

Synthesis adapted from 
Hyeonet al. Nat Mater 3:891
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SPION stabilization with anchored dispersants

E. Amstad et al., Nanoscale(2011)

J No in situ chemistryneeded
J Easy to control shellthickness
J Easy to control densityof

surfacefunctionalities
L Graftingdensityis typicallylow

J High graftingdensity
L In situ chemistry needed
L Risk of dispersant 

polydispersity
L Difficult to control density 

of surface functionalities
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SPION stabilization with anchored dispersants

E. Amstad et al., Nanoscale(2011)

J No in situ chemistryneeded
J Easy to control shellthickness
J Easy to control densityof

surfacefunctionalities
L Graftingdensityis typicallylow

To our experience only grafting-
from consistently yields:

Å Sufficient control
Å Sufficient yield
Å Χōǳǘ ƘƛƎƘ ƎǊŀŦǘƛƴƎ 

density is a challenge

7
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Ὠ =
5 nm

Ὠ =
10 nm

ÝWe can independently tune the core and shell size for monodisperse SPION

Control over shell thickness and NP stability

L. Isa et al., Chimia(2010); A. Lassenbergeret al., Langmuir(2016); R. Zirbset al., Nanoscale(2015)


