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Applications of magnetic nanoparticle self-assemblies
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Many parameters to control
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We vary size parameter of Fe;O, nanoparticles: 5 - 27nm



Samples

Sample ID D [nm] AD [%] Tg [K] Heg [Oe]  He [Oe]

FOS5 52+0.6 12 10 0 16
F10 9.5 E 08 9 18 27 70
F20 20+ 1.8 S 250 43 513
F24 24+ 2 S 300 90 561
F27 202 8 >300 1 523
F50 (ref) 50 + 25 50 >300 0 220
Drop cast Spin coated
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« 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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300 nm



Small-angle scattering for particles in solution
SCattering

Radially averaged 1D

¢ 20nm SAXS
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Small-angle x-ray scattering (SAXS)
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Chain formation is confirmed even at O T for 27 nm nanoparticles
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Linear pearl model
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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

Crystal structure different from local crystal structure.

atomic form factors
(Z for x-rays, b for neutrons)

| f&f(o)
2.0

average density

D)

Inter-atomic distances

Number of next-near
Neighbors (area)

/ Particle size
R~2.5nm

OWW\,WW\LA

G(r) =— > §(r — rvu) — 4mrp,
r i {FO)
TH ™ | 7o
sum over all atoms distance between atoms y and v gl'_ggtf;’o(%g;’)p
F20 SLS , DESY
& e 3] F27 :§
05 ol ViVL L
G _, 0] 23% maghemite & ; 48% maghemite
: + Rw = 0.22 3] + Rw =0.15
5] 73% magnetite 4] 52% magnetite
-2.0 h‘.‘-w’\""“‘- _ . N 7 -SE%WWWM
5 10 15 20 25 30 - 5 10 15 20

r (A)

r (A)

Similar phases of magnetite and maghemite are present

L
40

50

IJ JULICH

Forschungszentrum

Page 8



Small-angle neutron scattering (SANS) : field variation @ 300 K
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Conventional sector-analysis of anisotropic SANS data
15 deg. sector for Q Il H (SF)
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2D data analysis
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Reverse Monte Carlo simulations
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Experiment Simulation
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New toolbox to study self-assembly for bio-applications
DOI: 10.1002/adma.202008683
RESEARCH ARTICLE ADVANCED
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Unravelling Magnetic Nanochain Formation in Dispersion MATERIAI-S
for In Vivo Applications
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Lisa S. Fruhner, Vanessa Leffler, Sascha Ehlert, Emmanuel Kentzinger, Asma Qdemat,
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« Size (SAXS, SANS, TEM)
« Composition and possible local disorder (PDF, SANS) e
« Concentration (SAXS, SANS)

« Magnetic behavior (polSANS, DC magnetization)

»  Ligand shell thickness (SANS, TGA) ‘J JU LICH

« Real-space visualization (RMC)
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Future science at ESS

DREAM @ 2023
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Complete detector coverage

HEIMDAL @ 2026

Full scope

Dedicated SANS instruments at ESS: LoKI & SKADI
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