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Infroduction New Consistent Methodology

Superparamagnetic nanoparticles — magnetic nanoparticles in which
there 1s a single magnetic domain for the entire particle — have
emerging applications in medical theranostics,! and high efficiency
electronics.”? Since the early 2000s the standard synthesis of
superparamagnetic nanoparticles has been a two-step process
involving 1solation of badly characterized intermediates followed by
prolonged heating in high boiling solvent.*> These procedures often
suffer from batch-to-batch size inconsistency. Because magnetic
properties of interest scale exponentially with particle volume, fine
control of size and predictable reaction outcomes are necessary to
fully realize the potential of superparamagnetic nanomaterials. Here
we present our recent effort toward improving reproducibility in
ferrite nanoparticle synthesis. We have developed a convenient,

In order to develop an Fe;O, synthesis with consistent size
performance over repeated execution, we pursued a simple one pot
procedure. Rather than synthesize and 1solate Fe-oleate precursors
we generated Fe-oleate species in situ using oleic acid as the only
solvent. This allowed for substantially higher reaction temperatures,
which 1n turn gave more favorable nucleation dynamics, leading to
extremely reproducible particle sizes and distributions
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Examples of two commonly used Fe;O, nanoparticle synthesis
procedures were evaluated for their reproducibility. Each

Nanoparticle size distributions are often modeled as either Gamma
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Pooled standard deviation can be calculated as the square root of the
average variance from k repeated reactions and gives an estimate of
the likely particle distribution width when a reaction 1s repeated. The
coefficient of variation gives an estimate of how far a reaction’s
mean size will be from the most likely size, u, the average of
observed sizes.
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merit from the field of error analysis 1n the
form 1if s,,, and CV. Our new one pot

procedure significantly out performs
standard literature methods for the
preparation of superparamagnetic
magnetite NPs.
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