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Applications of magnetic nanoparticle self-assemblies

High density storage

Biomedical
applications

Spin selective type of 
electronics,
GMR, TMR

Single electron devices

Drug delivery

MRI contrast agents

Bio catalysts

Hyperthermia using 
magnetic nanoparticles

Nanoelectronic
and spintronics
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Many parameters to control
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We vary size parameter of Fe3O4 nanoparticles: 5 - 27nm
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Samples
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F27 • Self-assembly of 27 nm on substrate 
at 300 K

• TEM data is not representative of
what is going on in solutions
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Small-angle scattering for particles in solution  

Incident beam Transmitted 

beam

Scattered  

beam

Radially averaged 1D

I (Q)  ~  F(Q)  x  S(Q)

F(Q) = Particle form factor: shape, size, composition, size distribution
S(Q) = Structure factor: interactions, correlations
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Spherical model
Size = 20.8nm
Polydispersity = 6%

Small-angle x-ray scattering (SAXS)

Linear pearl model
Size=27nm
Edge separation = 6.1 ± 2nm

Chain formation is confirmed even at 0 T for 27 nm nanoparticles

@ GALAXI, FZJ
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Why chains are so important?

• Aggregates are needed for effective drug delivery (large magnetic moment)
• Easier understating of the contrast imaging results
• Easier for passage through veins
• Magnetic chains at 300 K formed from iron oxide NP are excellent for application
• Dosage can be precisely controlled by a number of NP in chains
• Relatively less studied, focus on 3D self-assembly

Cryo-TEM
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Composition : X-ray Pair Distribution Function

F20
F27

Similar phases of magnetite and maghemite are present

Crystal structure different from local crystal structure.
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Particle size 
R~2.5nm

Number of next-near 
Neighbors (area)

Inter-atomic distances

SJL Billinge, 
Z.Kristallogr.Sup
pl.,26,17 (2007)
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DESYSLS
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Small-angle neutron scattering (SANS) : field variation @ 300 K

Reversable self-assembly only for 27 nm
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Conventional sector-analysis of anisotropic SANS data

Chains are growing and straightening, but how exactly?

Correlation length

CTC projection on field direction

15 deg. sector for Q II H (SF)
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2D data analysis
TOF INS 2D Rietveld 2D SANS

(if analytical FF & SF are known)
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Reverse Monte Carlo simulations

linear move

jump
spin

All you need is a form factor
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• Size (SAXS, SANS, TEM)
• Composition and possible local disorder (PDF, SANS)
• Concentration (SAXS, SANS)
• Magnetic behavior (polSANS, DC magnetization)
• Ligand shell thickness (SANS, TGA) 
• Real-space visualization (RMC)

New toolbox to study self-assembly for bio-applications
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Future science at ESS

HEIMDAL @ 2026

Complete detector coverage

DREAM @ 2023

Full scope

Dedicated SANS instruments at ESS: LoKI & SKADI


