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ZnO nanocrystals were prepared by the thermolysis of Zn-surfactant complexes. The particle sizes of the
nanocrystals were from 15 to 25 nm. The products were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), high-resolution transmission elec-
tron microscopy (HRTEM), energy dispersive X-ray (EDX), X-ray photoelectron spectroscopy (XPS), Fourier
transform infrared (FT-IR) spectroscopy and ultraviolet-visible (UV-vis) spectroscopy. The synthesized
ZnO nanocrystals have a hexagonal wurtzite structure.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, there has been an increasing interest in
developing materials with low-dimensional nanostructure such
as nanotubes and nanocrystals due to their potential technolog-
ical application in nanoscale devices [1-4]. It has been obvious
that their properties depend sensitively on their size and shape.
Therefore, the challenges in the synthesis of nanocrystals are to
control not only the crystal size but also the shape and morphology
[5,6].

ZnO is a direct gap semiconductor with a large band gap of
3.37eV and a large exciton binding energy of 60 meV. The strong
exciton binding energy can ensure an efficient ultraviolet-blue
emission at room temperature. Accordingly, ZnO nanocrystals have
great potential in applications such as laser diodes [7], solar cells
[8,9], sensors [10] and catalysts for liquid phase hydrogenation [11].

In the past decade, various different physical or chemical syn-
thetic approaches have been developed to produced ZnO, including
vapor phase oxidation [12], thermal vapor transport and conden-
sation (TVTC) [13,14], polyol methods [15], precipitation [16-18],
sol-gel [19,20], microemulsion [21], hydrothermal [22], solvother-
mal [23] and sonochemical methods [24].

Among various techniques for synthesis of ZnO nanoparti-
cles, thermal decomposition is one of the most common methods
to produce stable monodisperse suspensions with the ability of
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self-assembly. Nucleation occurs when the metal precursor is
added into a heated solution in the presence of surfactant, while
the growth state take place at a higher reaction temperature
[25]. ZnO nanostructures can also be synthesized from differ-
ent precursor [26,27]. Choi et al. [28] reported a method for
the large-scale synthesis of uniform-sized hexagonal pyramid-
shaped ZnO nanocrystals by the thermolysis of Zn-oleate complex.
Zinc acetylaceton has been reported to be a good precursor for
ZnO nanoparticles from thermal decomposition. More recently
our group [29] has synthesized uniform ZnO nanoparticles with
size 12nm by thermal decomposition of zinc acetylacetonate in
oleylamine. And so, monodisperse ZnO nanoparticles were success-
fully prepared through the decomposition of zinc acetylacetonate
precursor by Jiang et al. [30]. With this thermolysis method, the uti-
lization of simple, facile, cheap, air-stable, and less-toxic molecular
precursors is expected to greatly facilitate the large-scale pro-
duction of oxide nanocrystals for the above applications. A major
interest at the moment is in the development of organometalic or
inorganic compound for preparation of nanoparticles. Using of the
novel compound can be useful and open a new way for preparing
nanomaterials to control nanocrystal size, shape and distribution
size.

Herein, we report on the facile synthesis of ZnO nanocrys-
tals via thermolysis of new precursor ([bis(2-hydroxy-
acetophenato)zinc(Il)]) in coordinating solvent oleylamine and
triphenylphosphine (TPP). To the best of our knowledge, this is
the first report on the synthesis of zinc oxide nanocrystals with
this precursor. In this process, oleylamine was used as both the
medium and the stabilizing reagent.
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Scheme 1. Schematic depiction of the selective formation of ZnO nanocrystals. (For interpretation of the references to color in this artwork, the reader is referred to the web

version of the article.)

2. Experimental
2.1. Materials

The precursor complex [bis(2-hydroxyacetophenato)zinc(II)],
[Zn(aceto),], was prepared according to the procedure described
previously [31]. Oleylamine, triphenylphosphine (TPP), toluene,
hexane, and ethanol were purchased from Aldrich and used as
received.

2.2. Characterization

XRD patterns were recorded by a Rigaku D-max C III, X-ray
diffractometer using Ni-filtered CuKa radiation. Elemental anal-
yses were obtained from Carlo ERBA Model EA 1108 analyzer.
Scanning electron microscopy (SEM) images were obtained on
Philips XL-30ESEM equipped with an energy dispersive X-ray spec-
troscopy. Transmission electron microscopy (TEM) images and
electronic diffraction (ED) pattern were obtained on a Philips
EM208 transmission electron microscope with an accelerating
voltage of 200kV. The high-resolution transmission electron
microscopy (HRTEM) image and energy dispersive X-ray (EDX)
were recorded on a JEOL-2010 TEM at an acceleration voltage of
200KkV. X-ray photoelectron spectroscopy (XPS) of the as-prepared
products was measured on an ESCA-3000 electron spectrom-
eter with nonmonochromatized MgKoa X-ray as the excitation
source. Fourier transform infrared (FT-IR) spectra were recorded
on Shimadzu Varian 4300 spectrophotometer in KBr pellets. The
electronic spectra of the complexes were taken on a Shimadzu
UV-visible scanning spectrometer (Model 2101 PC).

2.3. Synthesis of ZnO nanocrystals

The current synthetic procedure is a modified version of the
method developed by Hyeon group for the synthesis of various
nanoparticles of metals and oxides, which employ the thermal
decomposition of metal-surfactant complexes in hot surfactant
solution [32]. The synthetic pathway is shown in Scheme 1. In
the typical synthesis, a stock solution of Zn-surfactant complex,
prepared by reacting 0.6g of [Zn(aceto),] with 5mL of oley-
lamine at 130 °C, was slowly injected into 5 g of triphenylphosphine

(TPP) under vigorous stirring at 240°C. The reaction tempera-
ture was then decreased to 230°C and the resulting solution was
stirred at this temperature for 1h. The initial yellow color of the
solution slowly turned brownish black, indicating that nanopar-
ticles were generated. The reaction mixture was then cooled to
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Fig. 1. (a) XRD pattern of the ZnO nanocrystals and (b) EDX spectrum of the ZnO
nanocrystals.
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room temperature, and the white nanoparticles were retrieved
by adding 30 mL of anhydrous ethanol, followed by centrifuga-
tion. The final products were washed with ethanol for at least
three times to remove impurities, if any, and dried at 100°C.
The retrieved powder of the nanoparticles could be easily redis-
persed in nonpolar organic solvents such as hexane or toluene
(Scheme 1).
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Fig. 2. X-ray photoelectron spectroscopy (XPS) of the as-synthesized ZnO nanocrys-
tals.

3. Results and discussion

X-ray powder diffraction (XRD) pattern of the as-prepared sam-
ple is shown in Fig. 1a. The XRD pattern is consistent with the
spectrum of ZnO, and no peak attributable to possible impurities is
observed. The reflections of pure ZnO can be indexed well to hexag-
onal wurtzite ZnO (space group: P63mc; JCPDS No. 36-1451). The
sharp diffraction peaks manifest that the obtained ZnO nanocrys-
tals have high crystallinity. The size of the crystallite was estimated
from Debye-Scherrer equation is about 12 nm. Chemical purity and
stoichiometry of the samples were tested by EDX. The EDX image of
nanocrystals (Fig. 1b) showed that components of the crystals are
Zn and O with a ratio of 1:1.05.

Further evidence for the purity and composition of the products
was obtained by X-ray photoelectron spectra (XPS). Fig. 2 shows the
XPS of the as-prepared sample. The binding energies obtained in the
XPS analysis were corrected for specimen charging by referencing
the C 1s to 284.60 eV. The binding energies of O 1s, Zn 2p;;, and
Zn 2p3), provided a fairly complete picture of the sample powder.
The Zn 2p3), XPS peak that appears at 1021.9 eV coincides with the
findings for ZnO. The O 1s peak at 530.8 eV is attributed to the (0~2)
in the ZnO.

In order to further confirm that we have obtained fine-quality
ZnO nanocrystals, supplementary experiments have been carried
out on FT-IR spectra. Fig. 3 shows FT-IR spectrum for ZnO nanocrys-
tals. The strong peak around 434 cm~! shows a distinct stretching
mode of crystal ZnO. The weak peaks at 3432cm~! has been
assigned to the ethanol used in the separation step. The spectra
of ZnO nanocrystals, shows two very weak stretch vibrations at
2924 and 2865 cm™! attributing to the C-H stretching models of
the oleylamine carbon chain, indicating oleylamine molecules are
absorbed on the surface of ZnO nanocrystals. If there is adsorp-
tion of [Zn(aceto),] on the surface of the ZnO particles, a distinct
carbonyl peak around 1640 cm~! should appear in the FT-IR spec-
trum. So the oleylamine serves as the capping ligand that controls
growth [33].

The morphology of the product is examined by SEM. Typical SEM
image of as-obtained wurtzite ZnO nanocrystals is shown in Fig. 4 as
well as the TEM images and ED pattern for detail illustration. Fig. 4a
shows the SEM image of the as-obtained nanocrystals with spheri-
cal shape. The TEM images of the nanocrystals are shown in Fig. 4b.
It reveals the nanocrystals with diameters ranging from 15 to 25 nm.
The diameters of the products are in good agreement with those
calculated by XRD patterns. The ED pattern (Fig. 4c) indicates that
the ZnO nanocrystals are single-crystalline. This high-resolution
TEM (HRTEM) image of a nanoparticle revealed the highly crys-
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Fig. 3. FT-IR spectra of ZnO nanocrystals.
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Fig. 4. Morphologies of the products: (a) SEM image; (b) TEM image; (c) ED pattern; (d) HRTEM image of the ZnO nanocrystals.

talline nature of the nanoparticles. The HRTEM image of a single
ZnO nanoparticle showed that the nanoparticles were highly crys-
talline. In the HRTEM image (Fig. 4d), the distance between the two
adjacent planes, d, is measured to be 0.277 nm.

The growth mechanism could be well understood on the basis of
the following reactions and the crystal habits of hexagonal ZnO. In
the presence of oleylamine as solvent [Zn(aceto), ]-oleylamine were
synthesized. After addition of TPP to these solutions at high temper-
ature [Zn(aceto), |-oleylamine will decomposed. TPP was widely
used in the synthesis of phosphine-stabilized gold or other metal
nanoparticles. The phenyl groups in TPP can provide greater steric
hindrance than straight-chained alkyl groups such as tributyl and
trioctyl to control the size of metal nanoparticles [34]. The addition
of TPP into the mixture of oleylamine and complex as an additional
surfactant reduced the particle size much further and resulted in
nanocrystals with very thin arrays. Oleylamine is known as a ligand
that binds tightly to the metal nanoparticles surface. The com-
bined effects of TPP and oleylamine were much more profound than
those of individual contributions. On the other hand these com-

plexes transform to ZnO [35]. When the triphenylphopsphine (TPP)
was used as the complexing agent, the circumference of metallic
nuclei was capped by this surfactant, leading to the increase of
surface energy of some crystallographic faces. The growth of the
ZnO nanocrystals can be explained on the basis of the schematic
view presented in Scheme 1. The ZnO nanocrystals agglomerated
together to form a hexagonal nucleus [36].

Optical properties of the ZnO nanocrystals were investigated
by UV-vis spectroscopy and photoluminescence (PL) spectroscopy
at room temperature (Fig. 5). Fig. 5a curve illustrates the UV-vis
absorption spectrum of the nanocrystals, with exciton absorption
peak at 365.5 nm, which has a large blue shift compared to that of
bulk ZnO. Fig. 5b illustrates room-temperature photoluminescence
(PL) spectra of ZnO. The PL spectra were recorded with an excita-
tion of the 325 nm. According to literature [37], Zn0O usually exhibits
two strong emission peaks, near-band-edge and green broad-band,
respectively. The near-band-edge emission peak is attributed to
the direct recombination of excitons through an exciton-exciton
collision process while the green broad-band emission peak origi-
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Fig. 5. (a) UV-vis absorption and (b) room temperature PL spectra of the ZnO nanocrystals.
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nated from singly ionized oxygen vacancies and other point defects.
Strong emission at 385 nm was detected in Fig. 5b, which comes
from recombination of excitonic centers in the nanoparticles. The
green emission (~558 nm) of ZnO comes from the recombination
of electrons in singly occupied oxygen vacancies with photoexcited
holes.

4. Conclusion

In conclusion, we synthesized crystalline ZnO nanocrystals
in large quantity by the thermolysis of zinc acetophenato in
oleylamine and triphenylphosphine under mild conditions. The
crystallite size of the nanocrystals can be estimated between 15
and 25 nm. Since the precursor used is cheap, air-stable, and read-
ily available for many metal elements, this synthesis may represent
a rather environmentally friendly and general approach towards
many other metal-oxide nanocrystals.
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