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We demonstrate a simple one-step process for the
synthesis of water-dispersed spherical gold nanoparticles
using the multifunctional molecule oleyl amine (OLA)
that electrostatically complexes with aqueous chloroaurate
ions, reduces them, and subsequently caps the nano-
particles thus formed. The gold particles thus formed were
of the fcc phase and were fairly monodisperse with
particular concentrations of capping molecules.

After Brust et al.1 demonstrated alkanethiol capped Au nano-
particles formation in a biphasic mixture, there has been an
enormous effort to functionalize these particles with terminally
functionalized alkanethiols or arenethiolates.2 However, these
gold nanoparticles are prepared in organic solvents and they
were redispersible in nonpolar and weakly polar organic
solvents.3 Gold particles are also prepared by chemical reduc-
tion of a chloride precursor under aqueous conditions: for
example, the well-known Turkevich method4 involves reduc-
tion of HAuCl4 by sodium citrate in water while Schmid has
demonstrated that the reduction of AuCl(PR3) by B2H6 leads
to Au55 nanoclusters.5 However, a study of the recent literature
reveals the need for new preparative methods leading to
monodisperse particles of adjustable size and shape.6 Develop-
ment of synthesis protocols for realizing monolayer-protected
water-dispersible gold nanoparticles, on the other hand, has
received considerably less attention and would have immediate
applications in catalysis, sensors, molecular markers, and in
particular, biological applications such as biolabeling and drug
delivery. Recognizing that the solubility of gold, and in some
instances silver, monolayer-protected nanoclusters (MPCs) in
water/strongly polar organic solvents would be dominated by
the terminal functionality of the capping monolayer,7 a number
of different thiol-coordinated functional groups such as tio-
pronin,8 glutathione,9 succinic acid,10 sulfonic acid11 and
ammonium ions12 have been shown to result in MPCs that
are readily dispersible in water.

Recently there have been several reports where tertiary
amine/amine adducts were used to form Ag nanoparticles using
organometallic Ag complexes in organic medium.13 A similar
approach was also undertaken for Au amine supramolecular
complexes in toluene which leads to Au particles after
decomposition.14 In addition, there is the demonstration that
amine derivatives complex with gold nanoparticles in a manner
similar to that of thiol derivatives and recently tryptophan has
been used to synthesize Au nanoparticles.15 In a very recent
development, Au nanoclusters were also synthesized using

aminophenoxyethylether as a reducing agent at an aqueous–
chloroform interface, where the pH was controlled to transfer
the organic molecule from chloroform to the aqueous phase. In
sharp contrast to our system which indicates very precise
particle size control with amine concentration, the reported
method has much less control over the particle size and they are
highly polydispersed and interlinked (particle size ¢ 100 nm)
and reveals the phase transfer to chloroform with long term
stirring.15f Using amine chemistry for reduction as well as
surface modification, we have shown for the first time that gold
nanoparticles can be prepared in water directly by complexa-
tion with alkylamine molecules where it acts as reducing agent
and then subsequently stabilizes the gold particles. Preparation
of gold nanoparticles was carried out in a simple one-pot
process. The typical procedure is addressed in the references
section.16 This new approach opens up the exciting possibility
of surface modification of gold nanoparticles with amino acids
where binding with the gold nanoparticles surface may be
accomplished through the amine functionality. In this com-
munication, we report our finding that capping aqueous gold
nanoparticles with the amine molecules stabilizes the particles
in solution nearly covalently and also renders them water-
dispersible. The amine-capped nanoparticles may be obtained
in the form of a dry powder after evaporation of the aqueous
component, this powder being extremely stable in air and
readily redispersible in water as well as nonaqueous solvents.
Development of protocols for the synthesis of water-dispersible
nanoparticles has immense applications in a variety of fields,
but clearly more so in biorelated areas such as biolabeling and
biosensing. We use in this study primary amines containing
long alkyl chains since these compounds are known to self-
assemble and have been used as templating agents for the
synthesis of mesoporous materials.17 The gold nanoparticles
isolated as a powder (2.45 g, 94% yield based on gold) were also
readily redispersed in nonpolar solvents such as toluene and
hexane as well as aqueous media, showing no sign of pre-
cipitation for months while as-prepared particles were stable
for months in water as well.

Fig. 1a and b show the UV-vis spectra and the XRD pattern
of gold nanoparticles prepared under aqueous conditions with
amine at 0.1 M concentration respectively. The maximum at
around 520 nm is a peculiar characteristic of the gold surface
plasmon band.18a For the highest concentration of amine as
reducing/stabilizing agent the surface plasmon band appears at
522 nm and remains at the same maximum for the OLA
concentration of 0.05 M. A further decrease in the amine
concentration shifts the band at 529 nm suggesting an increase
in the particle size. The plasmon band shifts to 544 nm (OLA;
5 6 1023 M) and gradually broadens and shifts to 571 nm

{ Electronic supplementary information (ESI) available: FTIR, TEM,
UV-vis and XRD results. See http://www.rsc.org/suppdata/jm/b4/
b402823f/D
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suggesting the agglomeration and increase in the particle size
which supports the issue that amine is playing an important
dual role as reducing as well as stabilizing agent. The formation
of gold metallic particles was also confirmed by the XRD
pattern. It showed broad peaks assigned to the 111, 200, 220
and 311 planes of a face centered cubic (fcc) lattice of gold
(Fig. 1b). The selected area electron diffraction pattern has also
confirmed the fcc crystalline nanoparticles. The corresponding
lattice constant is a ~ 0.403 nm, which is within the error of
the reported data (JCPDS File No. 4-0784; a ~ 0.4078 nm).
The average particle size of the metal nuclei (13.7 nm)
calculated by the Scherrer equation, using the half width of
the intense (111) reflection, was comparable with the value
obtained from TEM images (N4-Au: ESI{ OLA: 1 6 1022 M).
According to XPS measurements, Au 4f7/2 and Au 4f5/2 peaks
observed at 83.9 and 87.6 eV, respectively, were also identified
with zero valent gold.18b The N 1s peak for OLA-Au nano-
particles appears at 401.1 eV with a small shoulder at lower
binding energy (399.2 eV) revealing the -NH2 group gets
oxidized itself when it reduces the AuCl ions.18b Fourier
transform infrared spectroscopy is a powerful tool for structure
and composition studies of surface-adsorbed and coordinated
materials.19 FTIR of OLA-Au MPCs is especially valuable to
confirm the expected presence of distinctive vibrations due to
its amine functionalities. FTIR spectra of the OLA precursor
and OLA-Au MPC nanoparticles are shown in ESI{ (Fig. S1),
with selected band assignments. The spectrum of OLA is
similar to the standard one.20 The small peak at 3325 cm21,
which corresponds to the N–H stretching vibration mode, dis-
appears when the C18-amine molecules adsorb on the gold par-
ticle surface (Fig. S1), giving strong evidence that C18-amine

anchors on the gold surface through the N atom in the amine
group.

The core size and size distribution of the amine-stabilized Au
nanoparticles were examined by transmission electron micro-
scopy (Fig. 2). In general, the present Au nanoparticles have a
narrow size distribution similar to those of the previously
known alkanethiolate- or arylthiolate-stabilized gold nano-
particles.21 For example, N2-Au (OLA: 1 6 1021 M), having
an average core size of 10 ¡ 0.6 nm, shows a narrower size
distribution compared with the gold nanoparticles (N3-Au;
OLA~ 5 6 1022 M) prepared with lower OLA concentration
(ESI{). Most remarkably, the histogram of the particle
diameters plotted in Fig. 2, left (OLA: 5 6 1021 M; N1-Au)
indicates a nearly monodispersed state with an average core
size of 9.2 ¡ 0.3 nm. The edge–edge separation between
particles cores (3.2–3.4 nm) is nearly double the extended chain
length of the oleyl amine moiety.21c,d On the other hand, N4-Au
has a larger and less narrow disperse core (14.0 ¡ 0.6 nm)
compared with N1-Au and N2-Au. The larger core size of N4-
Au over those of N1-Au and N2-Au is in agreement with the
earlier observation that the cores of thiol-stabilized Au
nanoparticles decrease in size and dispersity with increasing
thiol concentration. Further decrease in the amine concentra-
tion gives N5-Au which is polydispersed with large irregularly
shaped particles (Fig. 2, right) with a broad statistical dis-
tribution. At present, we understand that there is apparently a
simple correlation between the amine concentration and
particle size, i.e. the particle size increases with the decrease
in the concentration of the amine molecules. The irregular
shape of gold nanoparticles indicates the inappropriate molar
ratio of Au : OLA to fully passivate the particle core so the
partial covering by the amine molecule causes the further
growth and agglomeration of the particles.

The particle size and distribution were affected by the molar
concentration of the amine molecule. For instance, N1-Au
(Fig. 2, left) afforded smaller nanoparticles (9.5 ¡ 0.5 nm) with
a narrow distribution, ranging from 9.5 to 11.5 nm. In the case
of the particles derived from N4-Au, the particle size dis-
tribution was relatively broad, ranging from 14 to 18 nm
(average diameter 14 ¡ 2.5 nm). Furthermore, in the reaction
of N5-Au, the particle size became very large (average diameter
50 ¡ 10.5 nm), and the size distribution was also broader, the
range of which was from 10 to 75 nm. Thus, the particle size
and distribution of gold nanoparticles prepared in this work
was strongly controlled by the amine : gold ion molar ratio.

With respect to the preparation of amine capped gold
nanoparticles, the amine plays an important role in the reaction
process. Amine did not dissolve in water at room temperature,
but the reaction proceeded at 80 uC, affording a highly disperse
liquid of gold nanoparticles in a short time. On the other hand,
the amine molecules did not react with silver, Co and Cu

Fig. 1 (a) UV-vis absorption spectra recorded from the aqueous
Au colloidal suspension after heating mixtures of 5 6 1021, 1 6 1021,
5 6 1022, 1 6 1022, 5 6 1023 and 1 6 1023 M oleyl amine (curves
A–F, respectively) with 1023 M aqueous chloroauric acid . The inset
shows pictures of the water phase containing the Au particles and
corresponds directly to spectra A–F. (b) XRD pattern of the y14 nm
size OLA-Au (0.01 M OLA; N4-Au) nanoparticles powder collected
after drying the sample under ambient conditions.

Fig. 2 Representative TEM images from the aqueous Au colloidal
suspension after dropcasting them on a carbon coated copper grid. The
left and right images correspond to the data from 5 6 1021 M OLA
and 5 6 1023 M OLA amine capped gold nanoparticles, respectively.
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chlorides at even around 80 uC, but at the same time gold
nanoparticles could be prepared with secondary and tertiary
amines and dodecylamine, respectively. This suggests that
the intermediate, i.e. the gold–amine complex, is formed in the
reaction procedure and its reactivity strongly depends on the
nature of the amine indicating that the gold nanoparticles
are produced via the Au–amine complex; the first step and the
second step is its thermal decomposition. Thus, thermal
decomposition of the gold amine complex formed in water
was so rapid that the gold nanoparticles were subsequently
strongly protected by the amine molecule to avoid further
aggregation of nanoparticles. In practice, the particle size was
scarcely affected by the reaction time. Therefore, particle size is
determined by thermal decomposition of the gold amine
complex formed under aqueous conditions and is affected
by changing the amine concentration. A similar result was
reported for the preparation of silver nanoparticles by the
reduction of Ag-benzoate by tertiary amine in the presence of
thiol and similarly decomposition of Au thiol (amine) com-
plexes13a,b but none of them were water dispersible, impor-
tantly when amine is a backbone of all biological molecules
and may play an important role for catalyzing certain reac-
tions in biosensors, catalysts etc. Therefore, this is a novel
reaction, affording monodispersed gold nanoparticles capped
by amine ligands from an Au–amine water-soluble complex
which renders amine-capped Au particles water dispersible.
We are currently investigating these particles with DNA link-
ages as amine is a ‘‘backbone functional group’’ in biological
molecules.
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