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Abstract−We report the colloidal synthesis of rare earth oxide nanoplates with square and disk shapes using thermal
decomposition of Ln(CH3CO2)3·xH2O in the presence of a mixture of oleylamine and oleic acid (Ln=La, Pr, Nd, Dy,
Er, and Y). In this synthesis, oleylamine plays an important role in the formation of ultra-thin nanoplates with thick-
ness of 1.1 nm, which corresponds to a single unit cell dimension of rare earth oxides, and oleic acid serves as a cap-
ping agent for the formation of nanoplates having nano-sized side dimension (around 15-40 nm). By varying the rare
earth precursors, we obtained square-shaped nanoplates (La2O3, Pr2O3, and Nd2O3) and disk-shaped nanoplates (Dy2O3,
Er2O3, and Y2O3), respectively, confirming that our synthesis could be extended to the synthesis of various rare earth
oxide nanoplates.
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INTRODUCTION

Rare earth oxide nanocrystals with controllable sizes and shapes
have received intense research attention during the past few years
due to their potential applications in optics [1-3], optoelectronics,
biological labeling [4-7], and catalysis [8]. There have been vari-
ous chemical methods for synthesis of rare earth oxide nanocrys-
tals including hydrothermal, precipitation, non-hydrolytic sol-gel,
and thermal decomposition method [9-32]. Among the various
shaped rare earth oxide nanocrystals, ultra-thin nanoplates with
thickness of less than 1.1 nm are of particular interest because they
are formed by assembly of single layer of unit cells, and thus have
high surface-to-volume ratio compared with nanocrystals having
different morphologies [32]. Cao reported the synthesis of square-
shaped gadolinium oxide (Gd2O3) nanoplates with a thickness of
1.1 nm [14]. Hyeon and co-workers were also able to design the
thermal decomposition route for synthesis of uniform samarium
oxide (Sm2O3) nanowires and nanoplates with a single unit cell thick-
ness [19]. However, a facile synthetic method that is applicable to
of the general rare earth oxide nanoplates has not been reported
yet. Recently, Yan and co-workers reported the synthesis of vari-
ous rare earth oxide nanocrsytals including ultra-thin nanoplates,
but the synthetic procedure required multiple and tedious steps to
prepare precursor complexes, for example, metal-1-benzoylacetone
complex [16]. Herein, we report on a facile synthesis of rare earth
oxide nanoplates including lanthanum oxide (La2O3), praseodym-
ium oxide (Pr2O3), neodymium oxide (Nd2O3), dysoprosium oxide
(Dy2O3), erbium oxide (Er2O3), and yttrium oxide (Y2O3) with a sin-

gle unit cell thickness using thermal decomposition of rare earth
acetate as a precursor in the presence of a mixture of oleylamine
and oleic acid. We found that oleylamine and oleic acid play key
roles in the formation of ultra-thin nanoplates with nano-sized side
dimension (around 15-20nm). In this synthesis, we can obtain ultra-
thin rare earth oxide nanoplates with high quality, just by heating
three components - rare earth acetate, oleic acid, and oleylamine -
showing that this synthetic method is a simple and versatile method
for synthesis of other metal oxide nanoparticles.

EXPERIMENTAL SECTION

1. Materials
Lanthanum(III) acetate hydrate (La(CH3CO2)3·xH2O), Lantha-

num(III) chloride (LaCl3), praseodymium(III) acetate hydrate (Pr
(CH3CO2)3·xH2O), neodymium(III) acetate hydrate (Nd(CH3CO2)3·
xH2O), dysoprosium(III) acetate hydrate (Dy(CH3CO2)3·xH2O),
erbium(III) acetate hydrate (Er(CH3CO2)3·xH2O), yttrium acetate
hydrate (Y(CH3CO2)3·xH2O), oleic acid (99%), and oleylamine
were purchased from Aldrich and used without further purification.
2. Synthesis of Rare Earth Oxide Nanoplates

In a typical synthesis, 2 mmol of Ln(CH3CO2)3·xH2O (Ln=La,
Pr, Nd, Dy, Er, and Y) was added to a mixture solvent composed
of 60 mmol of oleylamine and 18 mmol of oleic acid at room tem-
perature. The resulting solution was heated to 90 oC in a vacuum
to remove hydrated water, forming a homogeneous and clear white-
yellow solution. The resulting mixture was then heated to 320 oC
and aged at that temperature for 2 h in argon (Ar) atmosphere.
After the reaction was finished, 100 mL of ethanol was added to
induce the precipitation of the nanoplates. The precipitate was retrieved
by centrifugation, and the resulting nanoplates were dispersible in
many organic solvents, such as toluene, hexane, and octane.
3. Characterization

TEM and high-resolution TEM (HRTEM) images were captured
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by using a JEM-2100F microscope operated at 200 kV. The pow-
der X-ray diffraction (XRD) patterns were obtained with a Rigaku
D-MAX/A diffractometer at 35 kV and 35 mA. 

RESULTS AND DISCUSSION

Ln2O3 nanoplates were synthesized by thermal decomposition
of Ln(CH3CO2)3·xH2O in the presence of a mixture of oleylamine
and oleic acid. The powder X-ray diffraction (XRD) patterns (Fig.
1(a)) taken from the as-synthesized La2O3 nanoplates show strong
peaks at 27o (222), 32o (400), and 45o (440), respectively, which are
matched well with the standard pattern of bcc La2O3 (La3, a=11.32
Å, Joint Committee on Powder Diffraction Standards (JCPDS) file
number 22-0369). Note that there are two crystal phases in La2O3,
cubic and hexagonal (JCPDS file number 83-1355) phase. In the
XRD patterns, small peaks at 26o and 52o are also found, suggest-
ing the existence of small fraction of hexagonal La2O3 phase. How-
ever, because the strongest (101) peak of hexagonal La2O3 phase at
28.9o is missing in the XRD patterns of the nanoplates, we can claim
that bcc La2O3 phase is dominant in the product. A transmission
electron microscopic (TEM) image of La2O3 nanoplates shows that
the nanoplates have side dimensions of around 15 nm (Fig. 1(b)).
A high-resolution TEM (HRTEM) image of nanoplates standing
perpendicular on the substrate reveals that the thickness of nano-

plates is around 1.1 nm, which correspond to the size of one unit
cell (Fig. 1(c)). Also, an HRTEM image of faceted nanoplates rest-
ing on its face shows that the edges of the square-shape nanoplate
are surrounded by (100) planes (Fig. 1(d)).

Recently, many anisotropic nanocrystals, including nanorods,
nanoplates, and nanowires, have been synthesized by introducing
two different kinds of capping agents having different binding capa-
bilities. In the present synthesis, oleic acid and oleylamine were used
as both capping agent and reacting solvent. Oleic acid tends to attach
on the surface of oxide nanocrystals more strongly than oleylamine,
due to its higher oxophilicity. To understand the role of oleic acid
and oleylamine, we performed control experiments in absence of
oleic acid or oleylamine, while keeping other reaction conditions
the same as those in the synthesis of La2O3 nanoplates shown in
Fig. 1. In the synthesis of Mn3O4 nanocrystals with various shapes,
Hyeon and co-workers proposed that selective attachment of oleyl-
amine onto the (001) facet of Mn3O4 nanocrystals led to the for-
mation of plate shaped nanocrystals [33]. When the synthesis was
conducted using only oleylamine as both capping agent and sol-
vent, large plates with side dimension of around 400 nm were ob-
served (Fig. 2(a)). On the other hand, we could not find the for-
mation of any nanocrystals in the resulting solution when only oleic
acid was used as the solvent. We think that this can be attributed
to the formation of La-oleate complex due to the strong binding of

Fig. 1. (a) Powder XRD pattern, (b) TEM image, and (c), (d) HRTEM images of square-shaped La2O3 nanoplates synthesized by thermal
decomposition of La(CH3CO2)3∙xH2O in the presence of a mixture of oleylamine and oleic acid at 320 oC for 2 h.
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oleic acid to La3+ ion [19]. These results demonstrate that oleyl-
amine plays an important role in the formation of ultra-thin nano-
plates, whereas oleic acid serves as a co-surfactant for formation of
nanoplates having nano-sized side dimension. In addition, when

we used LaCl3 instead of La(CH3CO2)3·xH2O as a precursor, irreg-
ular shaped La2O3 nanoplates were synthesized, indicating that activ-
ity of precursor is also important to the formation of uniform nano-
plates (Fig. 2(b)).

Fig. 3. TEM images of square-shaped (a) Pr2O3 and (b) Nd2O3 nanoplates prepared under the same conditions as those in Fig. 1 except that
the synthesis was conducted in the presence of Pr(CH3CO2)3∙xH2O and Nd(CH3CO2)3∙xH2O as a precursor, respectively, and (c)
Dy2O3 and (b) Er2O3 nanoplates with disk shape prepared under the same conditions as those in Fig. 1 except that the synthesis was
conducted in the presence of Dy(CH3CO2)3∙xH2O and Er(CH3CO2)3∙xH2O as a precursor, respectively.

Fig. 2. (a) TEM image of a sample prepared under the same conditions as those in Fig. 1 except that the synthesis was conducted in the
absence of oleic acid. (b) TEM image of a sample prepared under the same conditions as those in Fig. 1 except that the synthesis was
conducted in the presence of LaCl3 instead of La(CH3CO2)3∙xH2O.
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Rare earth elements, a set of seventeen chemical elements which
include the fifteen lanthanides as well as scandium and yttrium,
have similar chemical and physical properties. Therefore, we thought
that our synthesis could be extended to the other rare earth oxides
including Pr, Nd, Dy, Er, and Y. When we used Pr(CH3CO2)3·xH2O
and Nd(CH3CO2)3·xH2O as a precursor while keeping the other
experimental conditions unchanged, square-shaped Pr2O3 and Nd2O3

nanoplates with side dimensions of around 10 nm were synthe-
sized, respectively (Fig. 3(a) and (b)). By changing precursor to Dy
(CH3CO2)3·xH2O and Er(CH3CO2)3·xH2O, the morphology of the
nanoplates was varied from square-plate to disk-shaped nanoplates
(Dy2O3 and Er2O3) with larger sizes of around 40 nm, demonstrat-
ing that activity of lanthanide precursor would be critical for the
size and morphology of nanoplates (Fig. 3(c) and (d)). Interestingly,
TEM images of all nanoplates exhibit ultra-thin thickness of around
1.1 nm, which correspond to a single unit cell dimension of rare
earth oxides. In addition, we could also synthesize Y2O3 nanoplates
using the same procedure as that employed for the synthesis of the
La2O3 nanoplates (Fig. 4). Recently, Eu-doped Y2O3 nanoplates have
been prepared in the same manner and we are trying to use them
to increase the photocurrent of a dye-sensitized solar cell (DSSC).

CONCLUSIONS

We synthesized rare earth oxide nanoplates, including La2O3,
Pr2O3, Nd2O3, Dy2O3, Er2O3, and Y2O3, by using thermal decom-
position of Ln(CH3CO2)3·xH2O in the presence of a mixture of oleyl-
amine and oleic acid. The synthesized nanoplates exhibit an ultra-
thin thickness of around 1.1 nm, corresponding to a single unit
cell dimension. By varying the experimental conditions, we find
that oleylamine plays an important role in the formation of ultra-
thin nanoplates and oleic acid serves as a capping agent for forma-
tion of nanoplates having nano-sized side dimension. In this syn-
thesis, we can obtain ultra-thin rare earth oxide nanoplates with
high quality, just by heating three components - rare earth acetate,

oleic acid, and oleylamine - showing that this synthetic method is
simple and versatile for synthesis of other metal oxide nanoparticles.
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