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Abstract: Magnetic nano zinc ferrite fliuds were synthesized using an improved liquid phase chemical method, which would be used
to replace tradditional iron oxides magnetic material. A novel copolymer (PLAA) with D, L-lactide (D, L-LA) and alanine was
synthesized using stannous octoate as initiator. Magnetic polymer microspheres were fabricated with nano zinc ferrite fluid coated
with alanine modified poly lactide. These as-prepared zinc ferrite fluids, modified poly lactide and magnetic composites, were
characterized with X-ray diffraction diffractometer, FT-IR spectrometer, nuclear magnetic resonance spectrometer, scanning electron
microscope, transmission electron microscope, vibrating sample magnetometer, and thermogravimetric analyzer. The results
demonstrate that the as-prepared zinc ferrite is spinel type of ZnFe,O4nano crystals with particle size of 20—45 nm and magnetization
of 32x10° A-m’. Alanine is copolymerized with lactide, and the prepared composite magnetic microsphere is coated with the
modified polylactide, with mass fraction of 45.5% of PLA, particle size ranging from 80—300 nm, and magnetization of 10.6x10"

A-m’, which suggests ZnFe,O, enjoys a stable magnetization after being coated by polymer.
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1 Introduction

Magnetic polymer beads are of great interest as
targeted drug delivery carrier [1-3], which was endowed
with excellent biocompatibility, degradation
controllability and physical allocation, and have been of
great importance in medical applications, such as
targeted drug delivery [4], contrast agents in magnetic
resonance imaging [5], bioseparation [6], and destruction
of the tumor tissue under the action of high-frequency
magnetic fields [7,8]. Polymer materials, used for drug
slow released carrier, include natural polymers (chitosan)
and synthesized polymer (poly lactide (PLA),
polyethylene glycol, polyvidone, and so on) [9,10], poly
lactide and copolymer were used as biodegradable
material for preparation of drug carrier system. Poly
lactide was endowed with excellent biocompatibility and
degraded into water and carbon dioxide, and the

intermediate product was lactic acid which was not easy
to be agglomerated in organs, so PLA has been widely
used as targeted drug controlling carrier recently [11].
While long-term research indicated that poly lactide was
easy to cause inflammation reaction as a result of its
acidity [12].

Ferroferric oxide performing as magnetic core has
been in broad application in drug controlling
carrier recently, which was endowed with strong
magnetic response[13,14]; however, ferroferric oxide
was easy to accumulate into large scale and did not reach
tumor and finally deposited in endothelial system of
liver and kidney, resulting in embolism or
intoxication. So, the key factor in targeted drug
carrier study was to obtain magnetic material with
even size, stale dispersion and strong magnetic response
[15,16].

In this work, the synthesized ZnFe,O,4 nano crystals
were chosen for magnetic core. Alanine modified poly
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lactide was chosen for encapsulation material. Magnetic
PLA composite particles were obtained by reverse
emulsion method, for more in-depth study on targeted
drug controlling carrier.

2 Experimental

2.1 Materials

Main reagents were urea, olei acid, iron trichloride,
cobalt chloride, zinc oxide, methanol, acetone, absolute
ethanol, alanine, chloroform, tetrahydrofuran (all were
analytically pure, Shanghai National Medicine), stannous
octoate (95%, Sigma), and D, L lactide (synthesized in
laboratory).

2.2 Preparation of zinc ferrite nano fluids

Improved liquid-phase chemical precipitation
method was applied to synthesizing zinc ferrite magnetic
fluids [17, 18]. 400 mL de-ionized water and certain
amount of oleic acid were added into a clean beaker; the
mixture was kept under ultrasonic dispersion for 50 min
and sol appeared; excess amount of urea was added into
the sol and dissolved completely; the reaction system
presented milk white; ferric oxide (10.0 mmol) and zinc
chloride (5.0 mml) were added into the pre-formed sol
system and dissolved; pale red appeared in the solution.
The solution was transformed into a round bottom flask
and was kept in microwave synthesizer at temperature
ranging from 95 to 100 °C for 3—4 h, which was kept
being stirred (1000 r/min) all the time. Then the reaction
system was cooled naturally to room temperature and
presented dark red sol, into which 20 mL absolute
ethanol, 10 mL acetone and 10 mL methanol were added
for de-emulsification; after being kept stewing for 1 h,
the sol was centrifugated (9000 r/min), and marron red
deposit presented at the bottom of centrifugetube and
was washed with acetone 5 times; dark red crystals were
obtained after the marron red deposit was desiccated by
vacuum.

2.3 Copolymerization of alanine and D, L lactide

Dried and pure D, L lactide (3 g) and alanine (90
mg) were put into an agate mortar and ground
completely to form even mixture. The mixture was
transferred into an ampule, into which then chloroform
solution  with added as
initiator(m,ctige/ Mstannous octoate Was 0.7%). Chloroform was
removed by decompressing, the ampule was sealed under
vacuum and was kept in vacuum drying oven at 180 °C
for 18 h. After being purified with tetrahydrofuran
(C4HgO) and deposited with water, the light yellow
alanine modified poly lactide (PLAA) membrane was
accomplished.

stannous octoate was

2.4 Preparation of magnetic polymer microspheres by
coating zinc ferrite nanocrystals with PLAA

100.0 mg the alanine modified PLA and 20 mg
magnetic zinc ferrite nanoparticles were dispersed in 10
mL acetone, and was then added dropwise into 50 mL
deionized water under vigorous stirring. The resulting
solution was sonicated for 5 min in an ultrasonic bath to
get a stable suspension. The acetone was then removed
by rotary evaporation. The formed PLAA-MNPs
(magnetic nano  particles) was separated by
centrifugation at 20000 r/min for 10 min and
resuspended with 10 mL DI water. After dialysis for 48 h,
the PLAA—MNPs solution was freeze-dried.

2.5 Analysis and characterization

Zinc ferrite was characterized for composition and
crystal structure using X-ray diffractometry (Cu K,,
1=1.541 78 A, Rigaku D/MAX-rotation). Crystallites and
magnetic polymer microsphere were observed by
scanning electron microscopy (SEM, Hitachi S—4700)
and  transmission  electron  microscope  (TEM,
TecnaiG220). NMR experiments were conducted in a
Varian Inova 400 with tetralmethylsilane as internal
standard. Samples were solved in deuterochloroform.
Infrared spectrum of the as-prepared PLAA was recorded
with a Nicolet-IR550 infrared spectrometer. TGA was
performed to record the content of PLAA out of
magnetic polymer microsphere with a Netzsch STA-409
PC apparatus under nitrogen gas at a flow rate of 25
cm’/min. The magnetic properties of the zinc ferrite
nanaoparticles and the encapsulated nanoparticles were
measured by means of vibrating sample magnetometry
using LDJ model 9600. The samples were placed in a
capillary tube, in an inert atmosphere of nitrogen and
sealed. The maximum magnetic field applied was
796 A/m.

3 Results and discussion

3.1 Structure,
property
nanocrystals

The phase and component of the as-prepared
product were characterized by powder X-ray diffraction

(XRD), and a typical XRD pattern is shown in Fig. 1.

The reflection peaks can be readily indexed to planes

(111) (220), (311), (400), (331), (442), (511), and (440)

of spinel ZnFe,O4 with a cubic symmetry (JCPDS file,

No. 22-1012), respectively. The broadened diffraction

peaks can be attributed to the reduced particle size of the

product. The crystal size ranged from 20 mm to 35 nm
by Scherre equation.

The magnetic properties of the as-prepared ZnFe,O,
nanocrystals were first evaluated by a vibrating sample

morphology,
determination of

size and magnetic
ZnkFe,O,
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Fig. 1 XRD pattern of as-prepared ZnFe,O, (All reflection

peaks can be exactly indexed, demonstrating that they are

spinel ferrites.)

magnetometer. As the field was cycled between
—79.6x10* and 79.6x10* A/m, the magnetization curve
(Fig. 2) measured at room temperature (296 K)
demonstrates a typical superparamagnetic behaviour of
the as-prepared ZnFe,O, nanocrystals with a little
coercivity (63.7 A/m) and retentivity (2x10°° A-m?), and
with a saturation magnetization of 32x107° A-m?
suggesting the synthesized ZnFe,O4 nanocrystals were
endowed with excellent magnetic property.
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Fig. 2 Magnetization curve of ZnFe,O,4 nanocrystals measured

at room temperature (296 K)

To evaluate the effect of oleic on the morphology of
zinc ferrite nanocrystals, five groups of parallel
experiment (with amount of oleic as the only variation)
were performed, and the oleic acid was added by volume
of 0.1, 0.3, 0.5, 0.7 and 1.0 mL respectively; reactions
were kept at temperature of 95 °C for 1.5 h, and being
stirred all the time. Series of zinc ferrite crystal fluids
were obtained.

TEM observation was used to investigate the
morphology and size of the as-prepared ZnFe,O4
nanocrystals, and some typical images are shown in

Fig. 3. Two typical morphologies of zinc ferrite crystals,
with quite different amounts of oleic acid in the reaction,
are shown in Fig. 3. In Fig. 3(a), with 0.1 mL oleic acid
as dispersant agent, the ZnFe,O, crystals presented as
spherical or near-spherical shape with particle size of
20-32 nm, the crystals packed relatively close to each
other. In Fig. 3(b), with 1.0 mL oleic acid as dispersant
agent, the ZnFe,O, crystals presented relative loose with
particle size of 20—45 nm, suggesting the amount of oleic
acid used in the reaction plays a key role in the particle
size, and oleic acid is an excellent stabilizing agent.

Fig. 3 TEM images of ZnFe,O,4 nanocrystals: (a) With 0.1 mL
oleic acid; (b) With 1.0 mL oleic acid
3.2  Chemical  structure identification  of
poly-lactide-alanine

Figure 4 shows the IR spectrum of the prepared
alanine modified poly lactide, with the mole ratio of
lactide to alanine of 97:3. The peak at 1754.45 cm'
originates from the stretching vibration of C=0 of ester
bond, peak centered at 1089.54 cm ' originates from the
stretching vibration of —C—O—. Compared with the
IR spectrum of pure PLA [19], two new peaks (1681.71
cm ' and 1540.90 cm™') are presented in Fig. 4. One
peak centered at 1681.71 cm ' originates from the
stretching vibration of C=0 in amide, and the peak
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Fig. 4 IR spectrum of poly (D, L-lactide-co-alanine)
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centered at 1540.90 cm ' originates from the stretching
and bending vibration of N—H in amide. The peaks
centered at 1456.95 cm ™' and 1381.67 cm™' originate
from the flexural vibration of methyl (—CH;). The peak
centered at 3389.06 cm ' originates from vibration of
NH, and peak at 2994.68 cm ' originates from vibration
of saturated C—H in —CH;. These feature peaks
suggest the accomplishment of copolymerization of
PLLA.

With mole ratio of lactide to alanine of 97:3, the
copolymerization of lactide and alanine was performed
and was tested by NMR, as shown in Fig. 5 (with
deuterochloroform as solvent). The 'H NMR peak at
about 1.57x107° was assigned to methyl protons of D,L
lactide, the peak at 5.07x10™° was assigned to methyne
protons of D,L lactide, the peak at 7.25x10°% was
assigned to protons of nitrogen in amide group, and the
peaks at about 4.39x10°° and 4.65x10°® were assigned
to protons of — OCH, and NHCH, protons of
morpholine-2, 5-dione, respectively. All the 'H NMR
peaks are characteristic ones of D, L lactide and alanine,
which demonstrate the copolymerization of lactide and
alanine successfully. The successful introduction of
amino acid group into the PLA chain will facilitate much
more application in targeted drug controlling carrier.
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Fig. 5 '"H NMR spectrum of poly (D, L-lactide-co-alanine)
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3.3 Morphology, size and magnetic property
determination of ZnFe,O,/PLLA microspheres

Series TG curves of pure zinc ferrite nanocrystals,
oleic acid stabling zinc ferrite nanocrystals, and magnetic
PLAA composite microsphere are shown in Fig. 6. As
shown in Fig. 6(a), the water loss rate of pure zinc ferrite
nanocrystals is 6.3% at temperature of 800 °C. In
Fig. 6(b), the loss rate of oleic acid and water is 20.3% at
temperature of 800 °C. In Fig. 6(c), from room
temperature to 200 °C, the mass loss happened (mainly
for water loss); from 200 to 400 °C, magnetic /PLLA
particles were in thermal decomposition and an obvious
mass loss presented till 400 °C, with a total mass loss
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Fig. 6 TGA curves of ZnFe,0, (a), ZnFe,04—oleic acid (b), and
ZnFe,04— PLAA (¢)

rate of 65.8%. The mass fraction of oleic acid can be
calculated by:

w(oleic acid)=w(ZnFe,O4—oleic acid)—w(ZnFe,04) (1)
=20.3%-6.3%
=14.0%

So, the mass fraction of PLAA in microsphere can
be calculated by:

w(PLA)=w(ZnFe,0,~PLAA)—w(ZnFe,O4—oleic acid)
=65.8%-20.3%
=45.5% 2)

The mass fraction of PLLA is 45.5%, which is less
than the theoretical value (50%), suggesting certain
PLLA particle without any magnetic material, which
might be removed during magnetic separation.

As shown in Fig. 7, the as-prepared magnetic
polymer particles were of characteristic magnetic
property, with a coercivity of 398 A/m, a retentivity of
5x10° A'm% and a saturation magnetization of
10.6x10° A-m?, which is much less than that of zinc
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Fig. 7 Magnetization curve of ZnFe,O4/PLLA composite
microsphere
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ferrite nanocrystals. The reason may be part of composite
microspheres contained no magnetic core. The calculated
saturation magnetization percentage of composite
microsphere is 33%, which is in good line with the
evaluation of TGA, suggesting the zinc ferrite
nanocrystals presented stable saturation magnetization
during the encapsulation.

Figures 8 and 9 show the SEM image and TEM
image of zinc ferrite/PLAA magnetic composite
microsphere, respectively. The surface of the as-prepared
particles fluctuates a little in Fig. 8, and the particle size
ranges from 90 to 350 nm. As shown in Fig. 9, the
as-prepared composite particles present to be near-
spherical, which are not smooth enough, with particle
size of 80—300 nm.

Fig. 8 SEM image of composite microsphere

50 nm

Fig. 9 TEM image of composite microsphere
4 Conclusions

1) Magnetic nano spinel zinc ferrite fliuds stable in
oleic acid were synthesized using an improved liquid
phase chemical method, with particle size of 20—45 nm,
magnetization of 32x10°A-m’. The effect of amount of
oleic acid on dispersion of zinc ferrite nano crystals was
studied.

2) Alanine modified poly lactide (PLAA) was
achieved with D, L-lactide (D, L-LA) and alanine as

monomers and with stannous octoate as initiator.

3) Near-spherical magnetic composite particles
were obtained by encapsulating of modified PLA around
magnetic zinc ferrite core. The as-prepared particles were
endowed with good dispersity, particle size of 80—300
nm, 35% of the composite particle for PLAA. Magnetic
property of the composite particles was kept the same as
that of pure zinc ferrite nano crystals. The construction of
amino acid modified poly lactide magnetic composite
particles made it possible to improve biocompatibility of
targeted drug controlling carrier.
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