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Summary soft dipolar spheres

* softness is important

* ac field allows us to cycle through
crystal-crystal transition

» desperately need information about
particle size and shape of particles in
field at different densities

« first particle-level insight on path-
dependent diffusive and martensitic
crystal transition in 3D in single particle
system



Shape matters - polarised ellipsoids

Objective
+
Soft Matter

I
-~

aspect ratio p = 3.3,
concentration = 1 wt%,
m 7 volume fraction ¢ = 0.04

J.J. Crassous et al., Nature Communications (2014)
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Shape matters - polarised ellipsoids

Objective

+
Soft Matter

Field off

aspect ratio p = 3.3,
concentration = 1 wt%,
volume fraction ¢ = 0.04

J.J. Crassous et al., Nature Communications (2014)
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Forming highly ordered tubular structures

J.J. Crassous et al., Nature Communications (2014)

Insight from computer simulations
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Sheet formation at high coupling parameter
Tube formation at low number density

J.J. Crassous et al., Nature Communications (2014)

f=160 kHz




Insight from computer simulations
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J.J. Crassous et al., Nature Communications (2014)
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Insight from computer simulations
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Formation of highly regular tubular structures
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explicit spontaneous curvature
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J.J. Crassous et al., Nature Communications (2014)
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Ellipsoids with small axial ratios

phase diagram of ellipsoids - limited magnetic particles - controlling
model system work available orientation and interactions
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Synthesising magnetic particles with tuneable anisotropy

hematite (0-Fe203) through forced hydrolysis of iron salts, coated with SiO2 shell

Hematte-sibca-polystyrene
cora-shell-sheld

H. Dietsch et al., Chimia 62, 805 (2008)
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Ellipsoids with tuneable anisotropy and improved stability
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hematite core,
aspect ratio1to 7

SiO, shell,
with thickness 10 to 60 nm
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Ch. Rufier et al. Langmuir 27, 11, 6622 (2011)

Structural information from SAXS
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M. Reufer et al, J. Phys. Chem. B (2010)

Lund University / Physical Chemistry / Enrico Fermi Summer School 2015 / 12




SAXS modeling: size, anisotropy, structure, porosity

delector z
a)

single oriented particle
2 pm
Izso(q) = /0 /O [Ffore—shell—ellipse((bl? ¢3) + NPOTGSFgore] 817’L(¢3) d(/bl d(b?)

=> size, coating thickness, polydispersity, porosity

M. Reufer et al, J. Phys. Chem. B (2010)

Lund University / Physical Chemistry / Enrico Fermi Summer School 2015 /

SAXS with an applied magnetic field
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The combined influence of field and
density
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Low density: particle alignment

field-dependent alignment of the particles, no positional
correlations visible

0Tup 0.04T 0.23T

no magnetic field

P NS

\ 4

hematite particles weakly ferromagnetic (canted
antiferromagnet)

Lund University / Physical Chemistry / Enrico Fermi Summer School 2015 / 16




SAXS with an applied magnetic field
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M. Reufer et al, J. Phys. Chem. B (2010)
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orientational order, magnetic properties and diffusion

anisotropic diffusion from DDM
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M. Reufer et al, J. Phys. Chem. B (2010)
M. Reufer et al, J. Phys. Cond. Mat. (2011)

matmnm

M. Reufer, V. A. Martinez, P.
Schurtenberger, and W. C K.
Poon, Langmuir 28, 4618 (2012)
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Technical interlude 3: “structure factor” is not always
what you think
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Summary

Colloids - atom analogy extended to spin systems
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no ordered (SM2) phase found
* polydispersity?
* glass?
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