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Synthesis of magnetic iron oxide nanoparticles at the interface of the
polyethylene glycol-ammonium sulfate—water extraction system
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The synthesis of iron oxide nano- and microparticles in the
PEG 3000-ammonium sulfate—water extraction system has
been accomplished for the first time. Upon the addition of
a solution of ammonia, iron oxide particles with sizes from
200 nm to 10 pm are produced at the interface. The phase
composition of the obtained oxides consisting of magnetite
with goethite impurity has been determined.

PEG + Fe**/Fe**
Fe;0,
(NH,),SO,/NH;-H,0

The magnetic particles of iron oxide are widely used in medicine!
and technology.>* Magnetite is most frequently produced in a
homogeneous medium.*-% The synthesis of magnetite in organic
solvent-aqueous solution extraction systems is known.>’ Extrac-
tion systems based on polyethylene glycol (PEG) have not
been used previously to obtain magnetic particles. At the same
time, these systems can be employed to recover metals from
solutions.%?

Systems based on water-soluble polymers have a number of
advantages over conventional systems. Among them are the ability
to dissolve extractable hydrophilic compounds, the conductivities
of extracts, and the fact that the salt content of the PEG phase
and the density of the phase decrease with the total salt content
of the system.

The physicochemical characterization of the above systems
has shown that the interface is between a uniform Langmuir
layer of PEG molecules from the polymer and an aqueous salt
solution.!” In this case, the transport of ions occurs through
channels and interaction proceeds near the boundary of the salt
layer.!! Note that there is a potential jump, which depends on the
composition of the system and pH, at the interface. The permit-
tivity of the phases is also different.

We found that solid particles could be produced only at a
certain sequence of introducing reagents into the extraction
system. The experiments were performed in a two-phase system
containing 25 wt% PEG-3000 (Fluka), 25 wt% ammonium
sulfate, and 50 wt% water, which was studied previously.®-!°
A mixed solution of iron(IIT) chloride (0.1 M) and iron(II) sulfate
(0.05 M) was prepared in distilled water. The solutions were
carefully poured onto Petri dishes.

As an example, Figure 1 presents the results of two parallel
experiments performed using permanent magnets placed under
the Petri dishes.

Iron oxide was obtained in 24 h. In experiment A, the oxide
produced had no magnetic properties, as is evident from the
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distribution of a film on the surface of phases. In experiment B,
the film on the surface of the phases completely repeated the
contours of a magnet to indicate that particles in the film had
magnetic properties (i.e., under the effect of permanent magnets,
particles were aligned according to magnetic lines).

The X-ray diffraction analysis of the magnetite (Fe;Oy)
samples, which was performed on a D2 Phaser diffractometer
(Bruker) using CuKa radiation with 4 = 0.1548 nm has shown
that the experimental diffraction peaks completely correspond
to the peaks of X-ray patterns from a computer databank for
magnetite (Fe;0,). Consequently, the samples of particles obtained
by our procedure at the phase boundary in the water—-ammonium
sulfate—polyethylene glycol extraction system consisted of a
magnetite phase with a cubic crystal lattice. The samples also
contained goethite impurities, as verified by the spectrum.

The size of particles in the dispersions of the produced samples
in water was determined by static light scattering using a SALD
7500nano device (Shimadzu). Figure 2 shows that the dispersion

A + magnet

B + magnet

Figure 1 Samples in Petri dishes.
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Figure 2 Particle size distribution in the sample of magnetite.

consists of particles with sizes from 200 to 500 nm with a
maximum at 350 nm and a set of particles from 1 to 10 pm.

The results can be interpreted based on the two-stage mechanism
of magnetite production in a homogeneous medium* and the
synthesis of magnetite in the extraction system of a solution
of di-n-propylamine in cyclohexane and an aqueous ammonia
solution.® The interface of the extraction system based on PEG
consists of a layer of polymer molecules.

The first reaction (the nucleation stage) is the fastest, and
the linear molecule of FeOOHy, is formed in all versions of the
synthesis:

Fe* + 30H" - FeOOH,, + H,0. 0

The subsequent reaction (2) is slower and heterogeneous, and
it proceeds in the Langmuir layer at the interface:

2FeOOH ) + Fe?* + 20H - Fey0, ) + 2H,0. )

The synthesis of magnetite practically occurs in a template
of PEG molecules; due to this, magnetite is formed only when
iron salts are introduced into the PEG phase. At the subsequent
aggregation stage of magnetite nanoparticles [reaction (3)], the
particle size depends on solution ageing time (the growth stage).
Particles with sizes of up to 10 pm can be produced for 24 h.

nFe;0, = (Fe;0,), 3)

Thus, iron oxide nano- and microparticles in the PEG-3000—
ammonium sulfate—water extraction system were synthesized,

a solution of ammonia being used as a precipitating agent. The
iron oxide particles with sizes from 200 nm to 10 um were
produced at the interface. The magnetic particles consisted of
magnetite with a goethite impurity. The thus obtained nano-
composite material can be used for drug delivery applications.
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