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Research in the KCPC-Hawkett group
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Nanorattles

➢ Nanoparticles consist of: 

▪ A hollow shell encapsulating

▪ An (in)organic core

▪ With a water/air layer/void separating the shell and the core

TiO2 polymer nanorattles
Journal of Polymer Science Part A:

 Polymer Chemistry 50 (2), 346-352

Gold polymer nanorattles
J. Am. Chem. Soc. 2003, 125, 9, 2384–2385
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Potential applications

➢ Paint and coating: enhance opacity of titanium dioxide in paint films, 
resulting up to 40% pigment saving

➢ Potential applications:

▪ Drug delivery: space between the shell and core can be used to store 
drugs, especially anti-cancer drugs

▪ Catalysis/battery: Adv. Mater.2008,20,3987–4019

Drug loaded 

nanorattles
Nanorattles in paint film to 

enhance pigment light scattering
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SPION core

– Superparamagnetic iron oxide nanoparticles (SPIONs): display 
magnetic property only under the influence of magnetic fields

– Iron oxides: 

▪ Magnetite: Fe3O4

▪ Maghemite: Fe2O3

▪ Iron oxides doped with other metal oxides

– They have been used in a number of biomedical applications 
such as: 

• Cell labeling

• Hyperthermia

• Drug delivery

– We wanted to make iron oxide nanorattles: 

• To cover the IP that we launched with Dulux

• Sirtex (customer at the time) was interested in SPIONs

• SPIONs are ideal for targeted delivery
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SPION nanorattle synthesis via RAFT emulsion polymerisation

Macro-RAFT

Dispersion

MMA/BA/MAA/

V501/70oC

SPIONs SPIONs with 

macro-RAFT

Polymer encapsulated SPIONs

Hydrophilic polymer shell

Encapsulation

Hydrophobic

monomers

Encapsulation

Swelling/95oC

Porous polymer shell
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SPIONs 

➢ Sirtex iron oxide nanoparticles are 10-50 nm in diameter with strong magnetic 

property

➢ TGA: no organic stabilizer
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Polymer encapsulated SPIONs (before swelling)

– 150 nm on average, 55 nm shell thickness

– Monodisperse and opalescence
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SPION polymer nanorattles (TEM)

– 185 nm on average (DLS, 0.004 PDI)

– 40 nm shell thickness

– 50-100 nm voids containing iron oxide particles
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SPION polymer nanorattles (SEM)

– Still maintain shell integrity: no broken shells
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SPION nanorattles – TGA and magnetism

– Contain mostly polymer (89.5wt.%)

– Maintain superparamagnetic property of the original SPIONs

Ms 80 emu/g Fe   TGA: Fe2O3 = 10.5%

0 200 400 600
0

20

40

60

80

100

W
e
ig

h
t 

(%
)

Temperature (°C)

Fe
2
O

3
 = 10.5%

-10000 -5000 0 5000 10000

-80

-60

-40

-20

0

20

40

60

80

-200 -100 0 100 200
-40

-20

0

20

40

 

 

M
a

g
n

e
ti

z
a

ti
o

n
 (

e
m

u
/g

 F
e

)

Magnetic Field (Oe)

 

 



The University of Sydney Page 13

Dr Nguyen Pham: Penetration of Doxorobucine loaded 

nanorattles into 2D DLD-1 cancer cells and 3D DLD-1 spheroid

DLD-1 monolayer dosed with 

Dox-NRs (1uM as Dox) for 

24h

DLD-1 spheroids were dosed 

with Dox-NRs (1uM as Dox) for 

48h
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Conclusions

➢ Iron oxide polymer nanorattle synthesis by polymer encapsulation of 
pigment using RAFT

➢ 185 nm in size with 50-100 nm voids containing SPIONs

➢ Monodisperse and superparamagnetic

➢ Doxorubicine loaded nanorattles could be taken up by cancer cells and 
penetrate 3D spheroid
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