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Facile Synthesis of Gold Nanoparticles with Narrow Size Distribution by
Using AuCl or AuBr as the Precursor
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Introduction

Among all nanostructured materials, Au nanoparticles with
sizes ranging from 1.5 to �100 nm are probably the most ex-
tensively studied systems as a result of their intriguing prop-
erties and fascinating applications.[1] The excellent chemical
stability, biocompatibility, surface plasmon resonance effect,
and unique catalytic activity associated with Au nanoparti-
cles have enabled a broad range of applications in areas that
include biomedical research,[2] electronics,[3] information

storage,[4] and photovoltaic devices.[5] Notable examples in-
clude cancer diagnosis,[6] molecular ruler,[7] DNA sequence
detection,[8] low-temperature catalysis for the conversion of
CO to CO2,

[9] as well as thermal[10] and colormetric[11] sens-
ing. Not surprisingly, these and other applications have
fueled research related to the preparation of Au nanoparti-
cles with controllable sizes, diverse morphologies, and as-
sorted functionalities.[12]

The first synthesis of Au colloids was reported �150 years
ago by Michael Faraday who used phosphorous to reduce
AuCl4

� ions.[13] Since then, many methods based on the re-
duction of AuIII salts have been developed by various re-
searchers. For instance, Turkevich employed a mild reducing
agent, sodium citrate, to form Au colloids in aqueous solu-
tion from AuCl4

�.[14] In 1994, another milestone was ach-
ieved in the synthesis of Au nanoparticles by the Brust
group.[15] In their work, Au nanoparticles with relatively
narrow polydispersities and controllable sizes were obtained
by reducing AuCl4

� with NaBH4 in the presence of a cap-
ping ligand, dodecanethiol, and a phase transfer agent, tet-
raoctylammonium bromide. As elemental Au can be easily
generated by reducing the salts of Au ions, many different
reducing agents, including hydrazine,[16] amines,[17] alco-
hols,[18] polymers,[19] and even fungus,[20] in addition to the
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widely used hydrides, have proven to be effective for synthe-
sizing Au nanoparticles. Additionally, various capping li-
gands, including alkanethiols,[15,21] alkylamines,[17,22] and poly-
mers,[23] together with different preparation techniques, such
as wet chemical synthesis,[15] radiolysis,[24] sonochemical ap-
proach,[25] and the UV irradiation method,[26] have all been
extended to the synthesis of Au nanoparticles.

Although both AuIII and AuI are common oxidation states
of gold, precursors for the synthesis of Au nanoparticles are
mainly based on AuIII derivatives, in particular, HAuCl4. To
date, AuI compounds have rarely been explored as precur-
sors for generating Au nanoparticles. However, it has been
proposed that AuI as an intermediate state may play a criti-
cal role in controlling the morphology of Au nanostructures
synthesized from AuIII ions.[27] In addition, Liz-MarzGn and
co-workers have showed that AuIII may oxidize Au0 in the
presence of cetyltrimethylammonium bromide (CTAB) to
alter the morphology of the Au nanoparticles.[28] Therefore,
understanding the reduction of AuI into elemental Au would
be helpful to achieve a better control of the size, shape, and
crystallinity for the Au nanoparticles. It has been demon-
strated that reduction of a AuI alkylphosphine complex,
[AuCl ACHTUNGTRENNUNG(PR3)], by B2H6 could lead to the formation of Au55

clusters.[29] In an attempt to make Au nanoparticles from
AuI species, Nakamoto and co-workers showed that ther-
molysis of AuI complexes, such as [C14H29N ACHTUNGTRENNUNG(CH3)3][Au-
ACHTUNGTRENNUNG(SC12H25)2] or [Au(C13H27COO) ACHTUNGTRENNUNG(PPh3)] at 180 8C could yield
Au nanoparticles with sizes around 26 nm.[30] Chaudret and
co-workers also found that AuI alkylamine complexes, de-
rived from [AuCl(tetrahydrothiophene)] complex from its
reaction with primary amines, could self-assemble on a sub-
strate and form Au nanoparticles.[31] For both cases, howev-
er, control over the nanoparticle growth could hardly be
achieved as the reaction conditions require either a high
temperature or decomposition on a substrate. The special
procedures required for preparing these complexes also
limit their wide use as Au precursors. Most recently, Stucky
and co-workers demonstrated that Au nanoparticles with
relatively narrow polydispersity could be obtained from
[AuCl ACHTUNGTRENNUNG(PPh3)] complex by using tert-butylamine borane as a
reductant.[32]

AuI halides, such as AuCl and AuBr, are readily available
and their rich chemistry has long been recognized.[33] Even
though the low solubility in most solvents limited their use
in the synthesis of Au nanoparticles, AuCl and AuBr can
form soluble complexes with many ligands, such as al-
kenes,[34] alkylamines,[35] and alkylphosphines,[36] and these
complexes in turn can serve as Au precursors. Both AuCl
and AuBr exhibit relatively low stability under ambient con-
ditions and can undergo disproportionation to form Au0 and
AuIII species even at room temperature. The low stability of
AuCl, AuBr, and their derivatives makes it possible to pre-
pare Au nanoparticles under desirable mild reaction condi-
tions without a reducing agent. The low reaction tempera-
tures, the improved solubility of their complexes in various
solvents, and the independence of any reducing agent would
provide great flexibility for the preparation of Au nanostruc-

tures from AuI halides for various applications. Herein, we
report our investigation on the use of AuCl and AuBr as Au
precursors to synthesize Au nanoparticles with alkylamine
(either oleylamine or octadecylamine) as the coordinating
agent and stabilizer. It is found that AuI halides can be dis-
solved in many organic solvents including chloroform by
forming a complex with oleylamine or octadecylamine.
When heated to a relatively low temperature of 60 8C, the
AuI–alkylamine complexes gave rise to Au nanoparticles
with a narrow size distribution.

Results and Discussion

Au nanoparticles made from AuCl and oleylamine : Figure 1
shows TEM images of the Au nanoparticles synthesized
from AuCl and oleylamine at 60 8C, with chloroform as the
solvent. After washing with acetone, the nanoparticles were
precipitated out by centrifugation and they are readily dis-
persible in solvents, such as chloroform and hexane. The Au
nanoparticles synthesized by this procedure exhibited a rela-
tively narrow size distribution without size-selective separa-
tion. The average diameter of the nanoparticles was 12.7 nm
with a standard deviation of 8% relative to the mean diame-
ter for the sample obtained from the chloroform solution
with 20 mm AuCl and 0.4m oleylamine. The high-resolution

Figure 1. a) TEM image of Au nanoparticles synthesized at 60 8C from
AuCl and oleylamine in CHCl3. The concentration of AuCl and oleyla-
mine, respectively, was 20mm and 0.4m. The average diameter of the par-
ticles was 12.7 nm with a relative narrow size distribution of 8%.
b) HRTEM revealing the multiple-twinned structure for the Au nanopar-
ticles.
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TEM images of the nanoparticles revealed a multiply twin-
ned structure, typical for nanoparticles of Au and other
noble metals with a face-centered cubic structure at small
sizes. The yield of the nanoparticles was �80% when the re-
action was stopped at 24 h, indicating that the majority of
the AuCl had been converted to Au0 and further incorporat-
ed into Au nanoparticles.

Figure 2 compares the FTIR spectra for oleylamine, the
complex formed from oleylamine and AuCl, and the Au
nanoparticles. The spectrum of oleylamine is characterized

by bands at ñ=3450 cm�1 for the N�H stretch mode, ñ=

1640 cm�1 for the C=C stretch mode, and ñ=1380 cm�1 for
the CH2 bending mode, in addition to the typical C�H
stretch near ñ=2850–2960 cm�1. When the oleylamine was
mixed with AuCl in chloroform and a [AuCl(oleylamine)]
complex had formed, the spectrum was nearly identical to
that of the oleylamine, except that the C=C stretch mode
was shifted to ñ=1590 cm�1 from the original ñ=1640 cm�1

for oleylamine. This shift could be attributed to coordination
between the C=C bond of oleylamine and AuCl. Generally,
the complexes formed from AuCl and alkenes are not stable
and they may rapidly decompose at room temperature. The
decomposition of [AuCl(oleylamine)] complex at 60 8C,
however, did not complete in 24 h. This additional stability
might be provided by the amine group through the forma-
tion of a N�H···Cl hydrogen bond.[35] Upon heating, the
[AuCl(oleylamine)] complex decomposed to generate Au
nanoparticles. The C=C stretch for Au nanoparticles shifted
back to 1640 cm�1, at the same wavenumber as the C=C in
oleylamine, indicating the disassociation of the C=C bond
from the complex.

The formation of [AuCl(oleylamine)] complex was also
confirmed by using MS analysis. The MS in the positive-ion
mode for the mixture of AuCl and oleylamine in chloroform

exhibited three peaks at m/z : 268.3 for oleylamine, 464.3 for
[AuI(oleylamine]+ , and 500.3 for [AuCl(oleylamine)] before
the reaction (Figure 3a). The combined peak intensity for
[AuI(oleylamine)]+ and [AuCl(oleylamine)] is one fourth of
the peak intensity for oleylamine, which is consistent with
the starting molar ratio of oleylamine to AuCl at 5:1 for this
sample. Once the reaction started at 60 8C, the intensity of
[AuI(oleylamine)]+ and [AuCl(oleylamine)] decreased and
another peak at m/z : 516.5 started to appear. After 8 h, the
relative peak intensity for m/z : 464.3 decreased to about
half of its original value, and the intensity for the peak at
m/z : 516.5 became stronger than the peak of m/z : 464.3 for
oleylamine and AuCl complex (Figure 3b). With the in-
crease of reaction time, the intensity of the m/z : 464.3 peak
continued to decrease, while the peak intensity at m/z : 516.5
continued to increase. When the reaction was stopped at
24 h, the peak at m/z : 464.3 nearly disappeared (Figure 3c).

The fragmentation spectrum for the peak at m/z : 516.5
was obtained in the positive mode (Figure 3d). The resultant
spectrum shows two major peaks at m/z : 266.3 and 280.4,
which can be attributed to [C8H17�CH=CH�ACHTUNGTRENNUNG(CH2)8�NH]+

and [C8H17�CH=CH�ACHTUNGTRENNUNG(CH2)8�NH-CH2]
+ , respectively.

Therefore, the peak at m/z : 516.5 can be assigned to molec-
ular dioleylamine [C8H17�CH=CH�ACHTUNGTRENNUNG(CH2)8]2�NH. Based on
the experimental observation and spectroscopic analysis, we
propose the following reaction mechanism for the formation
of Au nanoparticles:

2 ½AuClðC8H17�CH¼CH�ðCH2Þ8�NH2Þ�
! 2 Au0 þ ½C8H17�CH¼CH�ðCH2Þ8�2�NHþ Cl2 þNH3

When the [AuCl(oleylamine)] complex was heated up to
60 8C in chloroform, a slow thermolysis occurred. The [Au-
Cl(oleylamine)] complex decomposed to give elemental Au0

and the oleylamine in the complex condensates to form dio-
leylamine. The Au0 atoms nucleated and grew into nanopar-
ticles stabilized by oleylamine and/or dioleylamine. The
mechanism for the formation of dioleylamine remains un-
clear but it may be attributed to the strong noncovalent
AuI–AuI interaction between two [AuCl(oleylamine)] com-
plexes due to the hybridization and relativistic effect.[37,38]

This so-called “aurophilic” interaction has been recognized
as being responsible for the aggregation of AuI–thiolate
complexes,[39] and it has also been observed in AuI–amine
complexes.[35, 38]

The reaction was closely monitored as the [AuCl(oleyl-
amine)] complex decomposed and the formation of Au
nanoparticles proceeded. Figure 4 shows the TEM images of
the Au nanoparticles obtained at different reaction times.
When the reaction was stopped at 3 h, very few Au nanopar-
ticles were found. The size of the nanoparticles was
�4.1 nm, much smaller than those obtained after 24 h. With
the progress of the reaction, the size of the Au nanoparticles
increased. At 6, 12, and 18 h, the average diameter of the
Au nanoparticles became 5.8, 9.2, and 10.1 nm, respectively.
The diameter reached 12.7 nm when the reaction was stop-

Figure 2. FTIR spectra of oleylamine, [AuCl(oleylamine)] complex, and
Au nanoparticles capped with oleylamine. Note that the C=C stretch
mode shifted from ñ=1640 cm�1 for oleylaimne to a lower frequency of
ñ=1590 cm�1 for AuCl and oleylamine complex is due to the coordina-
tion of C=C with AuCl. The C=C stretch mode for oleylamine-capped
Au nanoparticles obtained by decomposing AuCl and oleylamine com-
plex, however, was at the same frequency (ñ=1640 cm�1) as free oleyl-
amine.
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ped at 24 h. When the reaction time was further prolonged,
the size distribution decreased because of the involvement
of Oswald ripening.

During the reaction process, the color of the solution
changed gradually from clear to pink, indicating the slow de-
composition of [AuCl(oleylamine)] and formation of Au
nanoparticles. The UV/Vis spectra of the Au nanoparticles
obtained at different reaction times are presented in
Figure 5. As mentioned above, AuI halide compounds are
generally unstable and they tend to disproportionate to
form Au0 and AuIII. However, disproportionation of [Au-
Cl(oleylamine)] complex was not observed when it was
heated up to 60 8C in chloroform, as no absorption band for
an AuIII species, typically at l=330 nm, was observed during
the progress of the reaction. The absorption maximum at
l=530 nm, a peculiar characteristic of the localized surface
plasmon resonance peak of Au colloids, started to appear
after three hours of reaction and the intensity increased
steadily with the progress of the reaction, consistent with
the observation by TEM, showing both the size and the
number of particles increased with the reaction time.

To optimize the synthesis, re-
actions with various concentra-
tions of AuCl and molar ratios
of oleylamine to AuCl were in-
vestigated. Figure 6 shows the
TEM images of the Au nano-
particles formed by varying the
reaction conditions. It was
found that a narrow size distri-
bution (<10%) could only be
achieved for the nanoparticles
when the molar ratio of oleyl-
amine to AuCl was above 20.
Further increases of the molar
ratio of oleylamine to AuCl to
30 did not change the size dis-
tribution. When the molar
ratio is below 20, the nanopar-
ticles exhibited polydispersity.
For example, the sizes of the
nanoparticles formed at an
oleylamine/AuCl molar ratio
of 5 and 10 showed the relative
standard deviation of 28 and
18%, respectively, much
higher than 8% for the nano-
particles obtained at an oleyla-
mine to AuCl molar ratio of
20. Once formed, the Au nano-
particles are well protected by
the oleylamine and they can be
readily dispersed in many or-
ganic solvents including chloro-
form, hexane, and toluene,
even after multiple washings.

Octadecylamine as the stabilizer : During the formation of
Au nanoparticles from AuCl, oleylamine serves as both the
complexing agent and capping ligand. In addition to oleyl-
amine, octadecylamine was also employed as the stabilizer to
grow Au nanoparticles. Figure 7a shows a TEM image of Au
nanoparticles formed from the reaction of 20 mm AuCl in
chloroform with a molar ratio of octadecylamine to AuCl of
20. Although octadecylamine and oleylamine exhibit similar
basicity and affinity to metals caused by the NH2 group, the
morphologies of the Au nanoparticles obtained from them
are significantly different. The particles formed with octade-
cylamine showed an average size of �100 nm, 8 times larger
than that of the particles made from oleylamine. A similar
observation has been reported by Zurcher and co-workers
in the synthesis of Co nanorods.[40] In their study, when
oleylamine and octadecylamine were used as the capping li-
gands, the resultant Co nanorods showed different sizes,
aspect ratios, and polydispersities. The difference was attrib-
uted to the supramolecular organization and/or dynamics of
the ligands in solution, as oleylamine exhibits a “cis” config-
uration, leading to a shorter extended distance in solution.

Figure 3. Mass spectra for [AuCl(oleylamine)] complex before and after heating up to 60 8C in CHCl3. a) Once
mixed, the AuCl and oleylamine formed a complex of [AuCl(oleylamine)], as confirmed by the peaks at m/z :
464 for [AuI(oleylamine)]+ and m/z : 500 for [AuCl(oleylamine)], respectively. b) After heating to 60 8C in
CHCl3 for 8 h, the peak intensity for the [AuCl(oleylamine)] complex decreased, while another peak at m/z :
516.5 appeared. c) With the progress of the reaction, the peak intensity of [AuCl(oleylamine)] complex contin-
ued to decrease and the peak intensity of m/z : 516.5 continued to increase. At 24 h, the peak at m/z : 464.3 was
barely observable, indicating that most of the [AuCl(oleylamine)] complex had decomposed. d) The MS/MS
fragmentation for the peak at m/z : 516.5. Note that the molar ratio of oleylamine to AuCl for MS samples was
5:1. The intensities for oleylamine in (a), (b), and (c) were cut to adapt to the intensity of the complex.
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In the present case, however, a different mechanism is ex-
pected because if the molecular length is the determining
factor for the morphology of the nanoparticles, the product
obtained from oleylamine should be larger than those made

from octadecylamine. As revealed by the FTIR spectra, the
oleylamine can form a complex with AuCl through the C=C
bond. The lack of C=C in octadecylamine will limit its coor-
dination with AuCl to the amine group. Even though both
C=C and amine groups can form complexes with AuCl,[34,35]

study of the coordination between Au+ and C2H4 and NH3

has shown that the bond strength of [AuACHTUNGTRENNUNG(CH2=CH2)]
+ is

larger than that of [Au ACHTUNGTRENNUNG(NH3)]
+ .[39,41] Accordingly, the com-

plex formed from AuCl and oleylamine would be more
stable than the complex formed from AuCl and octadecyl-
amine. Additional stabilization can also be provided by the
secondary interactions from the amine group.[35] The higher
stability of [AuCl(oleylamine)] complex will cause slower
decomposition and thus a slower growth rate for the Au
nanoparticles when oleylamine instead of octadecylamine is
used in the reaction. In addition, according to the study by
Sastry and co-workers for the interactions between amine
molecules and Au nanoparticles,[42] there exist two different
modes of bonding: i) weak electrostatic interactions involv-
ing the protonated amine molecules and the chloroaurate
ions on the surface of the nanoparticles and ii) strong com-
plexation in the form of Au0

nACHTUNGTRENNUNG[AuCl ACHTUNGTRENNUNG(NH2R)]m. In the case of
AuCl, as chloroaurate ions could not be formed, the stabili-
zation of Au nanoparticles is mainly due to the formation of
[AuCl ACHTUNGTRENNUNG(NH2R)] complex. Therefore, more stable [AuCl(o-
leylamine)] complex may provide better passivation to the
Au nanoparticles, and, therefore, smaller sizes and a narrow-
er size distribution than the samples from the [AuCl(octade-
cylamine)] complex.

AuBr as the Au precursor : In addition to AuCl, another AuI

halide, AuBr was also tested as the precursor to form Au
nanoparticles. Similar to AuCl, AuBr is able to form a com-
plex with oleylamine when chloroform is used as the sol-
vent. When heated up to 60 8C in chloroform, the [AuBr(o-
leylamine)] complex decomposed gradually and the color of
the solution turned from colorless to dark red. The reaction
rate for AuBr to form Au nanoparticles is much higher than

Figure 5. UV/Vis absorption spectra for the decomposition of AuCl in
CHCl3 with the presence of oleylamine showing the intensity of the sur-
face plasmon resonance peak gradually increases with reaction time.

Figure 4. Morphological evolution of the Au nanoparticles obtained from
20 mm AuCl with 0.4m oleylamine at different reaction times: a) t=3 h,
d=4.1 nm; b) t=6 h, d=5.8 nm; c) t=12 h, d=9.2 nm; and d) t=18 h,
d=10.1 nm. The size distribution decreased with the reaction time.
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that of AuCl; the reaction was completed in 3 h at 60 8C in-
stead of 24 h with AuCl as the precursor. Figure 7b shows
the TEM image of the Au nanostructures formed from
AuBr in the presence of oleylamine with chloroform as the
solvent. Instead of forming only spherical nanoparticles as
in the case of AuCl, the decomposition of AuBr produced a
mixture of nanospheres and nanobars. The average aspect
ratio for the particles is 1.28, while the aspect ratio for nano-
particles made from AuCl is nearly 1.0. The formation of
nanobars can be attributed to the anisotropic growth in-
duced by the Br ACHTUNGTRENNUNG. As noticed by Murphy and co-workers, the
presence of bromide is critical to the formation of Au nano-
rods from the reduction of HAuCl4 with CTAB as the sur-
factant.[43] Our recent studies also showed that KBr can
assist the growth of Au nanorods, Pt nanobars, and Pd nano-
rods and nanobars.[44] The one-dimensional growth of these
nanostructures is probably related to the chemisorption of
bromide on the seed to promote the formation of certain
facets, such as {100} and {110}, followed by localized oxida-

Figure 6. TEM images of Au nanoparticles obtained from the reaction of
AuCl with different concentrations in CHCl3 at 60 8C with oleylamine as
the capping ligand. a) [AuCl]=20 mm, oleylamine/AuCl 5:1; b) [AuCl]=

20 mm, oleylamine/AuCl 10:1; c) [AuCl]=10 mm, oleylamine/AuCl 20:1;
and d) [AuCl]=50 mm, oleylamine/AuCl 20:1. A narrow size distribution
could only be achieved when the molar ratio of oleylamine to AuCl was
above 20.

Figure 7. TEM images of Au nanoparticles obtained from the reaction of
a) AuCl with octadecylamine and b) AuBr with oleylamine in CHCl3 at
60 8C. While Au nanoparticles made from 20 mm AuCl and 0.4m oleyl-
amine were �12 nm in size, the particles made from 20 mm AuCl and
0.4m octadecylamine in CHCl3 at the same reaction temperature had an
average size of �100 nm. This result indicates that the C=C bond of
oleylamine plays a critical role in stabilizing the nanoparticles and con-
trolling their size. The decomposition of [AuBr(oleylamine)] complex
was much faster than that of [AuCl(oleylamine)]. It took only three
hours to complete the reaction. The sample showed a mixture of spheri-
cal and rod-shaped particles with an average aspect ratio of �1.28. For
comparison, the aspect ratio for the Au nanoparticles made from AuCl
was nearly 1.0.
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tive etching on one specific face of the seed to initiate pref-
erential growth on this face.

Conclusion

We have successfully developed a facile wet chemical
method for synthesizing Au nanoparticles with narrow size
distribution by using AuI halide compounds. Both AuCl and
AuBr have proven to be effective precursors for generating
Au nanoparticles simply by thermolysis under mild reaction
conditions without the need for any reducing agent. When
coordinated with oleylamine, AuCl could decompose slowly
at 60 8C in chloroform and controlled growth of Au nanopar-
ticles was achieved. The average size of the Au nanoparti-
cles was �12 nm in diameter with a low polydispersity of
8% when the molar ratio of oleylamine to AuCl was 20.
The UV/Vis and mass spectrometry measurements during
the reaction process revealed a slow thermolysis of the [Au-
Cl(oleylamine)] complex to form Au nanoparticles and dio-
leylamine. When octadecylamine instead of oleylamine was
used as the capping ligand, much larger particles with sizes
around 100 nm were obtained. Although both capping li-
gands are similar in terms of the length of the hydrocarbon
chains and the basicity, the oleylamine could form a more
stable complex with AuCl than octadecylamine because the
coordination bond between AuCl and C=C is believed to be
stronger than that between AuCl and RNH2. The higher sta-
bility and thus slower decomposition of [AuCl(oleylamine)]
than [AuCl(octadecylamine)] led to a better control over
the size of Au nanoparticles in the presence of oleylamine.
When AuBr was used as the Au precursor to decompose in
chloroform in the presence of oleylamine, a mixture of
nanospheres and nanobars with average aspect ratio of 1.28
was obtained, indicating that one-dimensional growth was
promoted for the case of AuBr, possibly due to the effect of
local oxidative etching caused by Br�. This one-step AuI-
based preparation method is independent of reducing agent
and is expected to find applications that require mild reac-
tion conditions.

Experimental Section

Chemicals : All solvents, including chloroform, hexane, and acetone were
received from Fisher Scientific and used as-received. Gold(I) chloride
(99.9%; obtained from Aldrich), and gold(I) bromide (obtained from
City Chemicals) were stored in a desiccator to avoid moisture. Oleyla-
mine (technical grade, 70%) and octadecylamine (99.0%) were obtained
from Aldrich and used without further purification.

Synthesis of Au nanoparticles from AuCl and AuBr : In a typical reac-
tion, AuCl (or AuBr) (0.01 g) was mixed in a glass vial (20 mL) with cer-
tain volumes of oleylamine and chloroform according to the desired con-
centrations. After agitating for two minutes, AuCl (or AuBr) was dis-
solved and a clear solution of AuI complex was formed. The solution of
AuCl (or AuBr) was then heated up to 60 8C by using an oil bath with
stirring. Upon completion of the reaction, the nanoparticles were precipi-
tated out with acetone (5 mL), followed by centrifugation (3900 rpm,
5 min). The nanoparticles were then re-dispersed with chloroform (2 mL)

and washed with acetone (5 mL). The precipitated particles were dis-
persed in chloroform (2 mL). Synthesis of nanoparticles with octadecyla-
mine followed the same procedures.

Characterization : The UV/Vis spectra were recorded with a Cary 50 UV/
Vis spectrometer by using a quartz cuvette with an optical path length of
1 cm. The samples at different reaction times were prepared by diluting
an aliquot of the reactant mixture (0.1 mL) with chloroform (3 mL). The
FTIR spectra were collected by using a Bruker Vector 33 IR spectrome-
ter by drop casting the sample solutions onto KBr pellets, followed by
drying under vacuum. TEM studies were done with a Philips EM420T
microscope operated at 120 kV by drop casting the particle dispersions
on copper grids coated with formvar and carbon film (SPI, West Chester,
PA). High-resolution TEM (HRTEM) images were obtained with a
JEOL 2010F microscope operated at 200 kV accelerating voltage. Mass
spectra were taken with a Bruker Esquire LC-ion trap mass spectrometer
with electrospray ion source operating in a positive mode. For sample
preparation, reactant mixture (5 mL) before or after the reaction was
added into a vial and diluted with iso-propanol (5 mL).
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