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Magnetic Nanoparticle Applications
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Magnetic Nanoparticle Relaxation
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Magnetite NPs — Control of Size, Size Distribution
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Nanoparticles sizes are 9.3 ± 0.7 nm to 34.5 ± 1.6

nm in size.

Coefficient of variation = 0.066.

Scale Bars = 20 nm

E. C. Vreeland et. al. Chem. Mater. 2015, 27, 6059-6066.



Magnetite NPs — Control of Size, Size Distribution
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Magnetite NPs — Control of Magnetization

Msat = 69 Am2/kg Fe304

CINT Titan ETEM with Image Cs corrector
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Magnetite NPs — Control of Magnetization IEFLedes
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University of York.

Nion UltraSTEM

Antiphase Boundaries have

been shown to reduce Msat.

Z. Nedelkoski et. al. Sci. Rep. 2017, 7.



Magnetite NPs — Control of Magnetization

Slow, controlled oxidation.

Msat = 82 Am2/kg Fe304— 90 % of bulk.

CINT Titan ETEM with Image Cs corrector
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Magnetite N Ps — Bioavailability

Oleic Acid

H 20
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Poly(maleic anhydride-alt-1-octadecene)

30 000 — 50 000 MW
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K. Theis-Bröhl, et al ACS Applied Materials & Interfaces 2018, 10, 5050-5060.



Magnetite NPs — Bioavailability

Oleic Acid
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Magnetite NPs — Bioavailability

Oleic Acid

H20

C,DOH COOH

COOH-
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Ri-OH' OH

110 K. Theis-Bröhl, et al ACS Applied Materials & Interfaces 2018, 10, 5050-5060.



Small Angle X-Ray Scattering

10000 -

10 -

0 1

1 0/ 4/ 201 8

Q (A-1 )

1

6

4 Small Angle X-ray Scattering
(SAXS)

2 (75
Deviation from model fit

(7) indicates particle interactions.
0 a)

-4

12



Magnetic Nanoparticle Relaxation
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Small Angle Neutron Scattering (SANS)

Small Angle Neutron

Scattering (SANS)
(i)

81 % vol fraction dimers. 10H

Sandia
National
Labontiodes

25.3 nm core diameter.

6.6 nm shell thickness.

34.0 ± 0.3 nm center to

center distance. >'
(7)

Q)

Interparticle spacing due to

polymer is 8.8 nm 4 each 0.1
surface polymer is

compressed N 1/3.
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K. Theis-Bröhl, et al ACS Applied Materials & Interfaces 2018, 10, 5050-5060.



TEM

Scale Bars = 20 nm
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N egative Stain Experiments

Scale Bars = 50 nm
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4.8 nm

cf. 6.6 nm from SANS
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N egative Stain Experiments Wthwadoillal g

Mean Interparticle

Distance = 1.75 nm

cf. 8.8 nm from SANS.
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Cryo-EM

Talos L120C;

Dedicated Cryo-EM;

CryoEM Structural Biology

Shared Resource Facility

at CU Cancer Center
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Cryo-EM
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Interparticle distance;

= 2.3 nm
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Interparticle Distance (nm)

Magnetic attraction?

Freezing effect?

Dynamic ligand interaction?
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Cryo-EM

Magnetic Dimers
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Flux Closure Loops Wabonoodebellal g

Fe304 Krishnan Group (UW)

In the absence of a field, rings tend to
have a lower magnetostatic energy
than chains or clusters.

Need controlled drying 4 clusters or
aggregates can dominate.

Drying effects can also change the strength of the magnetic interactions as the
capping ligand de-solvates.

21

Y. Takeno et. al. Appl. Phys. Lett. 2014, 105, 183102.



Cryo—EM
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