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Synthesis of Magnetic Al/Au Nanoparticles by Co-Reduction of Au* and Al* Metal Salts
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Abstract: In cwrrent study, it reported the synthesis of water soluble; monos disperse Al/Au bimetallic
nanoparticles with a middling length of 7 nm. Synthesis engages concurrent reduction of Al* and Au™ in water
to give way bimetallic nanoparticles. The elemental content of Al is 1.5%. Nanoparticles display ferromagnetic
performance as deliberate by SQUID. These particles can be effortlessly conjugated to thiolated DNA, as
confirmation by mobility shifts in agarose gel electrophoresis. Nanoparticles heat in solution to temperatures
above 40°C, representative appropriateness for hyperthermia.
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INTRODUCTION

Magnetic nanoparticles have been exploited in a
broad diversity of biological request such as sensing
devices (Chemla et al., 2000; Perez et al., 2002), sarcoma
conduct by hyperthermia (Berry et af., 2003), drug
delivery (Kawashima, 2010), separation (Wang et al,
2001) and imaging ir vive (Hogemann et al., 2002).
Current novelty in magnetic sensors has established an

mnmense contract of attention as counterparts to
comservative glowing labels. All of these purposes
necessitate magnetic nanoparticles that can be

effortlessly conjugated with biomolecules. Classically
alumimum oxide nanoparticles are engaged, as there has
been a huge contract of recent progress in their synthesis.
Homogeneous and crystalline nanoparticles of aluminum
oxide and a variety of other magnetic materials can now be
regularly accomplished (Sun et al., 2004; Zhihua et al.,
2006; Puntes et al., 2001). Nevertheless, synthesis 1s
mainly in organic solvents, so nanoparticles are capped
with a hydrophobic ligand that create water solubility
demanding. Hydrophilicity is essential for conjugation to
biomolecules. In order to move organically synthesized
magnetic nanoparticles from orgamc solvents into an
aqueous phase, amphiphilic ligands (Pablo and Nicols,
2010) or custody molecules (Wang et al, 2003
Josephson et a@l., 2001) have been used productively to
protect the hydrophobicity of the nanoparticle. However,
one would like to take benefit of the well-developed
chemistry of Au biocomjugation, as Au nanoparticles
have been successfully linked to DNA (Zanchet et al.,
2001 ) and a diversity of proteins (McMillan et al., 2002).
In addition, functional groups on DNA are extensively
commercially available and many proteins contain
cystelne remains appropriate  for  conmjugation.
Decontamination method such as gel electrophoresis
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have previously been established and optimized for Au
nanoparticle-protein and DNA conjugates (Jhaveri et af.,
2004). Subjects such as non-specific adsorption of the
biomolecule on Au nanoparticles have been considered
and can be chemically controlled (Park et al., 2004).
Additionally, Au nanoparticles and nanostructures have
attractive optical properties that allow numerous sensing
and control purpose (Hirsch et al., 2003). So, combining
the properties of gold with magnetic materials would be
beneficial. It demonstrated here the synthesis of Al/Au
bimetallic nanoparticles by at the same time reducing
Al and Au” in water, resulting in water soluble
nanoparticles. Since these nanoparticles are mainly
composed of Au, they can with no trouble be conjugated
to DNA wvia standard Au-thiol chemistry. SQUID
measurements point out that they are magnetic. These
Al/Au nanoparticles have potential use in
biological applications that require magnetic
nanoparticles, such as hyperthermia (Shinkai et al., 1999).

for

MATERIALS AND METHODS

All  experiment has conducted at Chemistry
Laboratory, Islamic Azad University, South Tehran
branche (2009). For Al/Au Nanoparticle Synthesis: The
metal solution was composed of 3 mL. of 1% HAuCl,
(Merk Co.) with 6 mL 1% AICl; n 231 mL H,O (1:7 molar
ratio). The reducing solution was composed of 12 mI of
1% sodium citrate (Merk Co.) and 3.0 mL of 1% tannic acid
(Merk Co.) with an equal volume of 25 mM sodium
carbonate (Merk Co.) in H;O made up to 60 mL volume.
The metal solution and reducing solution were heated
separately to 50°C. The metal solution darkened from light
yellow-orange color to profound orange. At 50°C the
reducing solution was added to the metal solution with
vigorous stirring. Upon addition of the reducing solution,
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the reacfion immediately turned a deep wine red color. The
solution was stirred at 50°C for 10 min and allowed to cool
to room temperature. Excess bis (p-sulphonatophenyl)
phenylphosphine dihvdrate, dipotassium salt (BPS) was
added and allowed to ligand exchange on the nanoparticle
surface for 16 h. Nanocrystals were precipitated with
excess sodium chloride and collected by centrifugation.
The supernatant was orange-brown in color, most likely
due to unreacted aluminum. Solids were collected and
washed thoroughly with water to remove excess salt.
Solids were redissolved in a minimal amount of water and
the concentrated solution was run through a 1.5%
agarose gel in 0.5X TBE at a field strength of 4.36 V.em ™.
The red nanoparticle band was cut out of the gel and the
nanoparticles were extracted by centrifugation through a
spin filter (Corning). Finally, the nanoparticle solution was
precipitated with ethanol and stored as solid before use.
The nanoparticles were stable in solution for several
weeks and UV-vis absorption showed no change in
Plasmon position or width, suggesting that there was no
nanoparticle aggregation or degradation. TEM.
Nanoparticles were imaged by TEM on a JEOL 2010 FEG
Analytical Electron Microscope (Fig. 1a, b). Samples were

HNo. of particles

deposited from aqueous solution onto ulfrathin holey
carbon coated copper grids (Ted Pella). Size distributions
were measured directly from TEM images from at least 100
nanoparticles. STEM. Samples were imaged by a HB603
Scanning Transmission Electron Microscope as shown in
Fig. 2a and b as well as Fig. 3a and b. Sample preparation
was identical to that for TEM. SQUID. Superconducting
quantum interference device (SQUID) magnetometry was
performed on a Quantum Design DC Magnetic Property
Measurement System. Al/Au nanoparticles were in
powder form, prepared as above, of approximately 6 mg.
M-H curves were measured from 30 kOe to-30 kOe.
Bioconjugation. Al/Au nanoparticles were conjugated to
15 nucleotide single stranded DNA that were modified on
the 5 ends with C6 thiols (Proligo, Inc.). sequence
5’ATATA TATAT GCGCG. Conjugation was done in
0.5X PBS buffer by combining appropriate volumes of 1.86
uM DNA and 0.52 uM Al/Au to give 5:1, 10:1 and 20:1
molar ratios of DNA fo particles. Samples were run
through agarose gels under conditions described above
in synthesis (Fig. 4). Hyperthermia. Approximately 100 pl.
of a 3.7 uM solution of the nanoparticles was placed in an
alternating magnetic field at a frequency of 40 MHz and
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Fig. 1: (a)TEM of Al/Au nanoparticles and (b) corresponding histogram. d = 7.0 +0.96 nm

Fig. 2: (a) STEM of Al/Au nanoparticles and (b) elemental analysis of the four particles labeled in a. L arrows indicated

Al peaks, —» arrows indicate Au peaks
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addition, their strong plasmon resonance facilitates
visualization in the gel as shown by the dark red color of
the bands. The bands of the bioconjugated Al/Au
nanoparticles are retarded relative to that of the plain
Al Au nanoparticles. The decrease in mobility is due to
the formation of a bond between the DNA and the
nanoparticle (Zanchet et al., 2001, Thaver: et al., 2004).
This shows that the same chemistty used for Au
nanoparticles can be applied to Al/Au nanoparticles,
enabling their use in a wide variety of biclogical
applications alternating magnetic field (Aubm et al., 2005,
Parak et af., 2003; Pablo and Nicols, 2010). The heating
profile of Al/Au nanoparticles was measured by
application of an altemating magnetic field at 40 MHz and
100 A/m. The nanoparticle solution mncreased 1in
temperature to approximately 43°C (Fig. 4, curve line), a
sufficient temperature to allow the use of Al/Au
nanoparticles for hyperthermia applications. A solution of
the surface ligand BPS of the same concentration (1.93
%10-4 M) was then placed m the alternating magnetic field
under identical conditions to those used for the Al/Au
nanoparticles. The BPS negligible
temperature mcreases (Fig. 4, horizontal line) with a
VT <0.5°C, demonstrating that the heating observed
is not due to the surface ligand or solvent, but the

solution shows

nanoparticles  themselves (Caoc et al, 2002,
Hoégemann et al., 2002).
CONCLUSION

It showed that co-reduction of Au™ and Al metal
salts produces Al/Au bimetallic nanoparticles. These
particles acquire the constructive properties of Au
nanoparticles for biological request such as effortlessness
of conjugation to DNA and compatibility with agarose gel
electrophoresis. Al/Au nanoparticles exhibit
ferromagnetism and can be animated in an alternating

magnetic field, demonstrating appropriateness for
magnetic field heating claims.
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