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Core-shell Ni—Au nanopatrticles were chemically synthesized through a redox-transmetalation method
in reverse microemulsion. The powder X-ray diffraction patterns revealed the presence of crystalline
gold and nickel and the absence of any nickel oxides, nickel boride or other byproducts. Thetwle
structure could be clearly observed by the transmission electron microscope. In addition, the Ni cores
and the gold shells were further verified by the high-resolution transmission electron microscope and the
Z-contrast image. The diameter of the nanopatrticles ranged from 15 to 30 nmvithrin core diameters
and 5-10 nm shell thickness. The UWisible absorption spectra of these nanoparticles showed a red
shift (relative to pure gold nanoparticles), also in agreement with the gold shell morphology. For magnetic
properties, the zero-field-cooled and field-cooled temperature dependence of the magnetization indicated
the blocking temperature was at 16 K. The magnetization curves carried 6uKashowed that the
saturation magnetization, remanent magnetization, and coercivity at this temperature were 9.0 emu/g,
4.1 emul/g, and 2 kOe, respectively. The magnetization curves at 300 K presented the typical
superparamagnetic behavior without any remains of remanent magnetization or coercivity, and the
saturation magnetization at this temperature was 0.7 emu/g.
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-~ . : . provides a platform for multifunctionalization, such as
als can exhibit superparamagnetic behavior, and the magneti . . . -
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at the water-oil interface. These surfactant-covered water because magnetic components contained in the water-soluble
droplets offer a uniqgue microenvironment for the formation Au nanoparticles can be key materials for various biological
of nanopatrticles. With the dynamic nature of water droplets, sensing and detection systems.

agqueous components constrained in the water droplets can Most recently, a successful procedure was reported to
come together and react to form nanoparticles. The surfac-create various coreshell structures utilizing a redox-
tants not only act as protective agents to inhibit the excesstransmetalation process in organic media. Lee ét&t.
aggregation of nanoparticles but also restrict the growth of prepared a variety of coreshell structured nanoparticles with
nanoparticles. The nanoparticles can be separated by organia cobalt core. Compared to conventional sequential reduction
phase and protected by the surfactants. So, the aggregatiostrategies, this transmetalation process has several advantages
can be effectively restrained because they are difficult to for the fabrication of coreshell structured nanoparticles:
approach. The size of the water droplet controlled by (1) no additional reducing agent is needed, (2) spontaneous
adjusting the molar ratio of water to surfactant can effectively formation of the shells deposited on the surface of the initial
constrain the growth of nanoparticles. As a result, the cores, (3) self-nucleation of secondarily added metals can
particles obtained in such a medium are generally quite be avoided, (4) inhomogeneous growth of the shells on the
uniform and monodisperséd. surface of the initial cores can be prevented.

The reverse microemulsion systems have been used t0 |n this work, the core/shell Ni/Au nanoparticles were
produce some metal and semiconductor nanoparticles suclthemically synthesized through a redox-transmetalation
as Fe'® Ni,'° Au,?* ZnS, CdS? Fe—Ni, and Cu-Ni alloy method in the reverse microemulsion solution. The method
nanoparticled??3 By adjusting the synthesis procedure, the s a combination of the reverse microemulsion technique and
method can even be applied to prepare the nanoparticles withthe redox-transmetalation process, which can make the best
a core-shell structure, such as cershell Fe-Au and Fe- of the two methods. To the best of our knowledge, this kind
Silica nanoparticle$}?>and the diameter and thickness of of synthesis method has not been reported. Because the
core and shell can be well-controlled. Chen et®df.  approach did not need additional reagent to reduce the gold
synthesized nickel nanoparticles in reverse microemulsionto form shells, just three kinds of microemulsion are enough
solutions using cationic surfactant. The mean diameter of o get a satisfied result. So, the influencing factor can be
the resultant nickel nanoparticles they obtained was roundreduced, the microemulsion can be more stable, the synthesis
about 10 nm. The nanoparticles were not entirely superpara-of nanoparticles can be controlled more easily, and the
magnetic at 298.15 K; meanwhile, the feeble ferromagnetic expectation to get a better product can be ensured.
behavior still remained. Legrand et %lselected sodium The chemical composition of the nanoparticles was
borohydride and anion surfactant as the reducer and surfacyetermined by an inductively coupled plasma mass spec-
tant, respectively. What they obtained were not pure nickel trometer. The structure and diameter of the resultant nano-
nanoparticles but MB under nitrogen protection and a particles were characterized by X-ray diffraction (XRD),
mixture of nickel and nickel boride in the open air. Cho et |y —vyisible absorption spectra, transmission electron mi-
al#*?*synthesized coreshell Fe-Au nanoparticles, butthey  croscopy (TEM), high-resolution transmission electron mi-
found the gold shells of the FeAu nanoparticles did not  ¢roscope (HRTEM), and Z-contrast image. The magnetic
effectively protect the iron cores from oxidation. Carpenter properties of the nickel nanoparticles were examined by the

and O'Connor et af*~** also synthesized similar corshell syperconducting quantum interference device magnetometer.
Fe—Au nanoparticles and other kinds of nanoparticles such
as metallic cobalt, cobatplatinum alloys, and gold-coated Experimental Section

cobalt-platinum nanoparticles. In particular, the nanopar-
ticles synthesized in reverse water droplet can be easily The nonionic surfactant polyoxyethylene lauryl ether (Brij30)

transferred into the aqueous phase. The property is of interestWas obtained from Arcos Chemicai-Octane, nickel chloride,
aurichlorohydric acid, sodium borohydride, acetone, and ethanol

were supplied by GuangFu Chemical Reagent Factory. All the
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The Ni cores were prepared by the reduction aff\With NaBH,,
and thew value of 7 was selected to prepare the initial Ni
nanoparticles. To begin with, 3 mL of a NiC(0.5 M) aqueous
solution was added to 36 mL mixture composed of 9 mL of brij30
and 27 mL ofn-octane to form the first reverse microemulsion
solution, and the second reverse microemulsion solution containing
1 mL of NaBH, (3 M) with proportions identical to those in the
first one was then added in drops. The solution immediately turned
black upon the emergence of nickel nanoparticles. To ensure the
thorough reduction of NiG| we designed the mole ratio of NaBH
to NiCl, to be 2 and kept the reaction solution under argon
protection for 12 h. In addition, 12 h was enough to ensure the
spontaneous decomposition of excess NgBHbecause if it
remained in the solution, the sequential redox-transmetalation
reaction would be disturbed.

The gold shells formed on these Ni cores are driven by an in
situ redox-transmetalation reaction between the Ni atoms on the
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surface of the Ni nanoparticles and AuClion without any
additional reducing agent. When AucClions in a positive metal
oxidation state approach the surface of Ni nanoparticles, which
constitute the core structure, AuClions can be directly reduced

Figure 1. Powder XRD patterns of the corshell Ni—Au nanoparticles
obtained with Cu K radiation: (a) 1 day after synthesis, (b) exposed in
air for 1 week after synthesis. The peak positions are referenced from PDF-2
Data Base. PDF 04-0784(Au) and 04-0850(Ni) are marked with solid and

to gold through the sacrificial oxidation of the nulvalent nickel doted lines, respectively.

atoms and simultaneously deposited on the surface of Ni cores.
Meanwhile, the Ni atoms are oxidized to2iand the electron software was utilized for data analysis. The crystallite size of

tranfsfer between the _two metals re_sults in ecskell type nano- nanoparticles is calculated by the Scherrer equation
particles. Because this redox reaction can spontaneously proceed

under favorable redox potential between the two metals, this method )
has been regarded as an efficient route for the selective formation
of bimetallic structures? where A is the X-ray wavelength in nm3 is the intrinsic peak

The reaction mechanism of the redox-transmetalation processwidth in radians on a @ scale,f is the Bragg diffraction angle,
can be expressed as and 0.89 is the Scherrer constant. The morphology, dimension,
lattice distances, and crystallographic structures of nanoparticles
were studied by TEM, HRTEM, and Z-contrast image performed
on a FEIl Tecnai G2 F20 transmission electron microscope equipped
The detailed procedures to synthesize the gold shells were presentediith a high-angle annular dark field STEM detector. The sample
as follows. The reverse microemulsion solution (11 mL) containing for the TEM observation was prepared by dipping a copper-grid-
1.5 mL of HAUCl, (0.5 M) was added to the solution of the initial  supported transparent carbon foil in an ethanol solution in which
Ni nanoparticles in drops at a slow speed. Thealue of HAuUC}, the core-shell Ni—Au nanoparticles were suspended by sonication,
solution was kept at 7 without any change. In other reported articles and the grid was dried in open air. Energy-dispersive X-ray (EDX)
using a sequential reducing method, thevalue was increased to  spectroscopy attached to the TEM was also performed-\isible
expand the water droplets within the reaction in order to accom- absorption spectra of colloid form samples with sizes similar to
modate the gold sheif.However, thev value in present work was  those of pure nickel, pure gold, and cemhell Ni-Au nanopar-
keep constant throughout the preparation process in order toticles were obtained with a Shimadzu UV-365 spectrophotometer.
maintain the droplet size and total droplet numbers in the solution, A quantum design superconducting quantum Interference device
which could guarantee the formation of uniform gold shells. The (SQUID) PPMS-9 was used to measure the temperature and field
mole ratio of Ni to Au was kept at 2 to ensure the formation of dependence of the magnetization. Approximately 10 mg of sample
gold shell with proper thickness but keep from overeroding the was pressed and packaged in Teflon film and placed in a sample
initial Ni nanoparticles. The solution was kept under argon holder, measured by a vibrating sample magnetometer with a liquid
protection for another 12 h to ensure the completeness of redox-helium continuous flow cryostat.
transmetalation process. The resultant eatgell Ni—Au nano-
particles in the solution were precipitated by centrifugation with
the addition of ethanol, and then washed twice with the mixture of
ethanol and acetone to remove the surfactants and other impurities. Elemental Analysis.The chemical compositions obtained
Finally, the nanoparticles were dried in vacuum at room temperature from ICP analysis revealed that the proportion of nickel in
for 12 h. weight was 14.3%, which approximately equals the expected

The chemical composition of the nanopatrticles was determined value of 13.0%. Because a little portion of HAuQ@hight
by a Varian Vista MPX inductively coupled plasma mass spec- not be reduced to gold and sequentially be washed away,
trometer (ICP-MS). The samples were first dissolved in aqua regia the measured value was a little higher than the designed
and then diluted to concentrations within the detection range of value.
the instrument. X-ray dlffracnon (XRD) measurements were taken X-ray Diffraction. Powder X-ray diffraction patterns of
on a Rigaku D/max diffractometer with Cu Ka radiation at a . . .
wavelength of 1.5406 A, and a step size of 0.62 characterize .the gynthe3|zed coreshell Nl—.Au'nanopartches are shown

in Figure 1. The patterns indicate the presence of the

crystalline gold with face-centered cubic (FCC) structure.
The diffractions of the crystalline nickel are not as distinct

the structure of the coreshell Ni—Au nanoparticles. JADES

L = 0.891/5(0) cos6O

3Ni + 2AuCl,” — 3Ni*" + 2Au + 8CI” (1)

Results and Discussions

(35) Kreevoy, M. M.; Jacobson, R. W.entron Alembicl979 15, 2.
(36) Bosnich, B.Inorg. Chem.1999 38, 2554.
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Figure 2. TEM micrograph of core shell Ni—Au nanoparticles (a) 1 day and (b) 1 week after synthesis.

as those of gold because of the peak overlapping by gold. ## 4
Three characteristic peaks of FCC structured nick@lg@ual :
to 44.5, 51.8, and 76.4) corresponding with plane (111), ™
(200), and (220) can be clearly seen. No other crystalline
phases can be observed in the diffraction patterns. It can alsc
be noticed that all peaks of the diffraction patterns are broad,
which implies the particles have a very small size. g
The diffraction patterns of the nanoparticles (in powder _,_-’L“, ¢
form) exposed in air for 1 week were similar to the patterns ” & _',;
measured 1 day after synthesis, and no new diffraction peaks s !f‘ ‘ -:
could be detected. Some possible oxides or hydroxides such®f s &
as NiO, NpOs, or Ni(OH), were not observed. The results !:1 .
indicated that no nickel oxides formed even after the &3 h’-‘ '
nanoparticles were synthesized for a week.
The average crystallite size of the gold shells was about 8 2
nm by calculating with the Scherrer equation from the (111) Fgs : :
Au diffraction, which well-accorded with the thickness of i Lt SN SLg Nl i Iat e e
the gold shells. Figure 3. High-resolution TEM image of coreshell Ni-Au nanoparticles.
Transmission Electron Micrographs. The core-shell

structure of the nanoparticles is confirmed by the transmis- Synthesis (Figure 2a). The similarity of the above two images
sion electron micrograph, as shown in Figure 2. indicated that the coreshell structure had no change.

From the TEM micrographs, the Ni cores and the gold BY focusing the EDX probe on the Ni cores of the
shells can be clearly observed. The cores of the nanoparticle1@noparticles prepared 1 day after synthesis, very weak peaks
are estimated to range from—30 nm in diameter, the  Of oxygen were observed. The weight percentage of oxygen
thickness of the shells are-80 nm, and the diameter of Was round about 0.5%, which might result from the fractional

the integrated nanoparticles are estimated to range from 15NiO formed during the synthesis process because of the
to 30 nm. inevitable oxygen dissolved in the solvent, deionized water,

Some coalescence of the nanoparticles could be observe@nd argon. For comparison, a sample exposed in the open
from the TEM images. This phenomenon may be due to the & for 1 week was also analyzed. 'It was found that the p_eaks
intensity of the interface formed by the surfactants not being ©f ©xygen hardly changed, proving that the nanoparticles
strong enough to sustain the nanoparticles in the droplets.Were air-stable and that the oxidization process of the Ni
Some nanoparticles may get away from one water droplet, COr€S h.ardly occurred. The Ag proportion of the shell was
and then come into another one. So a water droplet maymuch _hlgher than that of the Ni core, mplymg that the shells
contain more than one Ni nanoparticle. When the HAuCl Were indeed formed by gold. In addition, boron was not
was added to the synthesis of the gold shells, nanoparticlesdetected, indicating that boron and boride were not left in
with more than one core would inevitably form. In subse- the final products.
quent research work, the interface will be strengthened by High-Resolution TEM. The gold shell of the synthesized
adjusting the composition of the solution. core—shell Ni—Au nanoparticles is verified by the lattice

After the nanoparticles deposited on the copper grid were Patterns as shown in Figure 3.
exposed in the open air for 1 week at room temperature, the According to the HRTEM image, well-developed lattice
transmission electron micrograph (Figure 2 b) was similar patterns can be clearly recognized in the shell of the
to that one of the nanoparticles exposed for 1 day after nanoparticle. The lattice distance of 2.35 and 2.04 A
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Figure 4. Z-contrast image of coreshell Ni—Au nanoparticles.

measured from the image are consistent with the lattice
parameters of fcc (111) and (200) Au planes, respectively.
In addition, the different crystallographic orientations of the

gold shell indicate that the Ni core is surrounded by

polycrystalline gold. This structure suggests that the gold
has multiple nucleation sites on the surface of Ni core during
the growth process of the shell. However, the lattice pattern
of the core is not well-resolved because of its being both in
a different crystallographic orientation and embedded inside
the gold shell.

Because the crystallite size of the gold shells calculated
from the (111) Au diffraction derived from the result of XRD
is the average diameter of monocrystal in the gold shell,
whereas the diameter of the gold shells obtained from TEM
images is the diameter of the integrated nanopatrticle, the
difference in size is normally inevitable. Generally, the
average crystallite size derived from XRD is smaller than
the diameter of the gold shells obtained from the TEM
images. In this circumstance, the smaller size derived from
XRD, compared with the size obtained from TEM, should
be ascribed to the presence of polycrystalline gold.

Z-Contrast Image. A Z-contrast image performed on
these coreshell nanopatrticles is shown in Figure 4.

In Z-contrast analysis, a high-intensity electron probe,

typically subnanometer in diameter that determines the spatial

resolution, is scanned across the sample and electron
incoherently scattered at high angles are detected by a high
angle annular detector. As the intensity of the scattered
electrons is proportional to the square of the atomic number
of the probed element, the element with higher atomic
number will appear much brighter.
Z-contrast image of the coreshell Ni—Au nanoparticles

shows the contrast difference between the relatively darker
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Figure 5. UV—visible absorption spectra of the cerghell Ni—Au, pure
Ni, and pure gold nanoparticles with a similar diameter.

The absorption spectrum of the colloid-forming ceshell
Ni—Au nanoparticles was measured and compared with that
of the pure Ni and pure gold nanoparticle colloid prepared
by the same way as shown in Figure 5. The gold colloid
exhibits a distinct absorption band with a maximum around
530 nm; the spectrum of pure Ni cores is featureless with a
monotonic decrease in absorbance with the increase in
wavelength, whereas the cershell Ni—Au nanoparticles
colloid shows an absorption band with a maximum at 590

The absorbance of coreshell Ni—Au nanoparticles col-
loid shifting to higher wavelength compared to pure Au
nanoparticles can be observed. This red shift behavior of
the core-shell nanopatrticles is attributed to the enhanced
surface plasmon resonance absorption. The red shift in

centers (lower atomic number) and the relatively lighter shells Wavelength of gold surface plasmon has also been observed

(higher atomic number), indicating the expected formation
of Ni cores and gold shells.

UV —Visible Spectra.A series of U\*-visible absorption
spectra consisting of coreshell Ni—Au, pure Ni, and pure
gold nanoparticles is shown in Figure 5.

experimentally in other bimetallic systems with a metal core
as well, such as coreshell Fe-Au and Co-Au nanopar-
ticles30.14

Magnetic Properties. Nickel is an important magnetic
material. To investigate the magnetic properties of the-core
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Figure 6. Temperature dependence of the magnetization of the-cbrell Figure 7. First-order reversal curves obtained at 5 K, normalized to the

Ni—Au nanoparticles, ZFC and FC curves, measured in a 100 Oe applied mass of Ni cores in the NiAu nanoparticles.

magnetic field.

to the bulk is probably due to the very small size of the metal
nickel domain in the particle. This could drastically increase

The zero-field-cooled (ZFC) and field-cooled (FC) tem- h€ surface effect on the magnetic properties.

perature dependence of the magnetization were measured in The magneuzauo_n CUVEs, along with the hysteresis loops,
a 100 Oe applied field, from 4 to 100 K, as presented in of the core-shell Ni—=Au nanoparticles were performed at
Figure 6 ' ' 5 K, with the magnetic field cycle between20 and+20

For single-domain particles, the temperature of the maxi- kOe. The magnetization curves are shown in Figure 7.

mum in the ZFC curve is regarded as the average blockingf The hyst?_re?shloqp sr;?k\ivnpcllr;\ﬁgure 4 |?d||catgs that the
temperatureTg), below which the sample is ferromagnetic erromagnetic behavior o1 the NAU hanoparticles. because

and above which is superparamagnetic. The sharp maximumthe gold shelis of the NiAu nanoparticles is paramagnetic

at 16 K in the ZFC curve indicates a clear blocking behavior and the proportion of gold is much higher than that of nickel,
of the sample. Accordingly, th& of the sample is 16 K. the magnetization was not saturated even when the applied

The overlap of the ZFC curve and the FC curve when the magnetic file_d reached 20 kOe_. An attempt to separate _th_e
temperature was higher thd and the distinct deviation ferromagnepc é?”d paramagnetic components from the orgi-
of the two curves alg indicates that the size of Ni cores in nal magnetization curves had been made by extrapolating

the nanoparticles have a narrow size distribution and the goldthe.totalfma?r:\enzatgn of tthednalgopal\;[mfs';n thﬁ h|th-f|eId

shells are thick enough to restrain the dipolar and transfer .reg:ﬁn (e\{[v ?usan oerstg f.) S= tsh XA, where St

interactions among the Ni cores of different nanoparticles. IS the salurafion magnetizationx 1S the paramagnetic
Because the nanoparticles are approximate independem§uscep'[|blllty. Through correcting the composition of the

. 0 : i
single-domain nanoparticles and the interaction among thenan?pgrtlfrllgsﬂ, 14.3 wt (0 of Ni t_as tgle':/tlarmlngd f“’”_" .ICP
nanoparticles can be neglected, the thermally assisted®"VsIS, s remanent magnetizatioMQ and coercivi-

magnetization reversal process can be described by t;“sj (2Hl(<:2)gf :Qspgig\?g;mdes were 9.0 emu/g, 4.1 emulg,

1 = f, exp(—K VikgTg) () The magnetization curves measured at 300 K are shown

in Figure 8. It can be seen that no coercivity or remanence

wherer of 30 s is a given measurement tinfigjs frequency  existed, indicating the superparamagnetic behavior of the
factor (1x 10° s, K, is the magnetic anisotropy constant, sample. For nanoparticles below the critical size, superpara-

shell Ni—Au nanoparticles, we performed a series of
magnetic measurements.

V is the average volume of magnetic Ni cores, &ads magnetic behavior can be shown at room temperature beause
Boltzmann constari. So, K, can be given by of the higher thermal fluctuation energy compared with
anisotropic energ$? Adopting the extrapolating method
Ky =log (efp)(KgTe/V) 4) mentioned above, th&ls of the Ni cores can be clearly

) ] ] determined as 0.7 emu/g, dramatically different formithe
It is well-known that the superparamagnetic blocking tem- ¢ 55 emu/@® at 300 K for bulk nickel metal.

perature decreases with decreasing size of nanoparticles. For The reduction in moment was due to the small size effect
7.5 nm diameter magnetic nanoparticles (the average diam-sf the Nj cores, the accompanied increase in specific surface
eter of the Ni cores synthesized in this work) with = 16 of the nanoparticles, and the oxidation of the Ni cores and
K, Ka = 10.48 x 10° J/m?. For nickel with weakly  the crystal lattice defects, etc. According to théeNe

anisotropic, a value of 5 10° J/n¥ is reported for bulk  Arrhenius equation, the magnetic saturation decreases with
metal®® The high value of the anisotropy constant compared

(38) Mutlu, R. H.; Aydinuraz, AJ. Magn. Magn. Mater1987, 68, 328.
(37) Cullity, B. D. Introduction to Magnetic MaterialsAddison-Wesley: (39) Himpsel, F. J.; Ortega, J. E.; Mankey, G. J.; Willis, RAEv. Phys.
Reading, MA 1972 1998 47, 511.
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Figure 8. Magnetization curves obtained at 300 K, normalized to the mass
of Ni cores in the Ni-Au nanoparticles.
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the dimension of the magnetic particle reducing. The energy

of a magnetic particle in an external field is proportional to
its size or volume via the number of magnetic molecules in

a single magnetic domain. When this energy becomes

comparable to thermal energy, thermal fluctuations will
significantly reduce the total magnetic moment at a given
field.*0 In addition, the disorder structure of nickel at the

interface between the Ni cores and the gold shells will result
in nonmagnetic or weakly magnetic interfaces. It has been
shown to cause a decrease in the effective magnetic mo-

ment#! Furthermore, the fact that the nickel at the interface

lacks complete coordination and spins are likewise disordered

is another important factor because of nickel's high specific
surface!%42-44 Although the nickel nanoparticles had been
washed before the magnetic measurement was performed,
very slight amount of the adsorbed surfactant on the
nanoparticles could also cause a decread&irccordingly,

it is reasonable that the magnetic properties of nanoparticles . . .
g prop b kand gold shell of nanoparticles is confirmed by HRTEM,

are usually much smaller than that of the corresponding bul
materials.

Cho et ak*28 found that the Fe Au nanoparticles they
synthesized were gradually oxidized over time, indicating
that the gold shell of the FeAu nanoparticles did not
effectively protect the iron core from oxidation. They

speculated that the oxygen can permeate into the shell
because of the incomplete coverage and cracks in the goIdA

shell. In our opinions, the possible reason of oxidization was

(40) Shafi, K. V. P. M.; Gedanken, A.; Prozorov, R.; BaloghChem.
Mater. 1998 10, 3445.

(41) Hwang, J. H.; Dravid, V. P.; Teng, M. H.; Host, J. J.; Elliott, B. R;
Johnson, D. L.; Mason, T. Q.. Mater. Res1997, 12, 1076.

(42) Lin, Z.; Cai, J. J.; Scriven, L. E.; Davis, H. J. Phys. Cheml994
98, 5984.

(43) Kodama, R. HJ. Magn. Magn. Mater1999 200, 359.

(44) Sato, T; lijima, T.; Seki, M.; Inagaki, N. Magn. Magn. Mater1987,
65, 252.
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that the HAuCJ reverse microemulsion solution was added
before the second NaBHeverse microemulsion solution.
As a result, a portion of fresh Fe prepared in the former
reaction procedure was oxidized to’Feation because of
the strong oxidization effect of Au¢l. The reaction could
be expressed as follows

3Fe+ 2AuCl,” — 3F€" + 2Au+ 8CI (5)

Then, the blended Pe and AuCl~ was reduced together
by the sequential added NaBHeverse microemulsion
solution, so that Au shells blended with Fe would form
instead of the anticipated pure gold shells. Once the particles
synthesized by this approach were exposed to open air, the
Fe in the shells would be oxidized to ferric oxide first so
that the pores and cracks would form in the gold shells. The
oxygen would then inevitably penetrate into the gold shell
though those flaw to further oxidize the Fe core. Finally,
the entire Fe core would be thoroughly oxidized.

In the present work, the synthesis approach has resolved
the mentioned problem effectively. Because the gold shells
were the result of HAuGldirectly reduced by the nickel
cores, the AuGI anion and F& cation could not be reduced
at the same time. Accordingly, the flaws in gold shells could
be greatly diminished and the nanoparticles could more
effectively resist the oxidization effect in open air.

Conclusions

The core-shell Ni—Au nanoparticles were prepared using
the redox-transmetalation method in reverse microemulsion.
Elemental analysis verified that the nanoparticles are com-
posed of Ni and Au, and boron and boride were not left in

éhe final results. The powder XRD patterns revealed the

presence of FCC structured crystalline gold and nickel and
the absence of any crystalline nickel oxides, nickel boride,
or other crystalline byproducts. The structure of the Ni core

Z-contrast, and UVvisible absorption spectra. Comparing
the EDS results of 1 day with that of 1 week confirms that
the percentage of oxygen is almost same. The gold shells
coated on the Ni cores can effectively relieve the oxidization
process of the Ni cores. THi of the nanopatrticles equals

to 16 K. Below Tg, the nanoparticles were ferromagnet.
bove Tg, no coercivity or remanence was observed, and
the typical superparamagnetic behavior was presented at 300
K. The core-shell Ni—Au nanoparticles with inert gold
coatings presented here show a great promise as nickel-based
nanoparticles.
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