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Nanocrystals Y,0,S:Eu* Prepared by Thermolysis
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Abstract: This paper reports the preparation process of Y,0,S:Eu’* nano-crystals by thermolysis method and the
corresponding bulk Y,0,S:Eu** by conventional sulfur flux method. Nano-crystals Y,0,S:Eu’* were synthesised by
calcining the rod-like Y(OH); precursor, obtained from hydrothermal method, with co-activator and S powder. The
results show that both bulk and nano-crystals Y,0,S:Eu’* are with pure phase, hexagonal crystal structure. The
hydrothermally prepared Y(OH); is in a rod-like morphology, while the calcined Y,0,S:Eu** are narrow distributed
nano-crystals, with an average size of 80 nm. The morphological change can be explained by the etching effect of
the flux formed by the carbonate and S powder during high temperature calcination. It is concluded that Eu®*
could be effectively incorporated into yttrium oxysulfides and therefore shows good luminescent properties from

the excitation and emission spectra. Besides, the mechanism is discussed too.
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0 Introduction afterglow materials . Coarser particles of rare earth
oxysulfide phosphors obtained from conventional high-

Rare earth oxysulfide materials often exhibit high temperature solid state reaction can not meet the
luminescence efficiency. These materials are widely requirements for higher resolution image rendering
used as luminescent host materials such as red emitting devices. The fabrication of Y,0,S:Eu* nano-crystals has
phosphors for color television picture tube and long attracted much attention recently. Jagannathan et al
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synthesized nano-crystal Y,0,S:Eu** by two step sol-gel
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polymer thermolysis method and hydrothermal
method . Pires et al ® prepared Y,0,S:Yb (4% ), Er
(0.1%) and Y,0,5:Yb(4%), Tm(0.1%) from polymeric
and basic carbonate precursors. Besides, an ethanol
assisted combustion synthesis method was adopted to
prepare Y,0,S:Eu** nano-crystals by Luo et al'. But the
products are either seriously aggregated or still big in
particle size. Although Fu et al ™ obtained well-
dispersed Y,0,S :Eu’* nanocrystals with a combustion
method by adding polyvinyl alcohol(PVA) to prevent the
particles from aggolomeration. The raw material CS
(NH,), they used is toxic. The fabrication of nano-
crystals Y,0,S:Eu** with small size remains a challenge.
To the best of our knowledge, there has been no detail
information on the growth mechanism of Y,0,S :Eu®*
nano-crystals.

In our previous work, long-lasting phosphorescent
material Y,0,S:Eu*, Ti*!" and Y,0,S:Eu*, Mg, Ti*!!
were prepared by co-precipitation method and
hydrothermal-microwave method, respectively. In this
work, Y,0,S :Eu® * nano-crystals were synthesized
through hydrothermal method followed by subsequent
thermal decomposition in presence of sulfur. The
experimental results confirm that the Y,0,S:Eu** nano-
crystals are narrow distributed small particles with an

average size of 80 nm. The mechanism is discussed

too.
1 Experimental

1.1 Synthesis of Eu®* doped yttrium oxysulfide
nano-crystals

The main starting materials were Y,0;(99.99%),
Euy05(99.99% ) and sulfur (A.R. grade). In a typical
synthesis, Y,0; was dissolved in nitric acid (65% )to get
a clear solution and the pH value was adjusted to 12~13
by adding NaOH solution (5 mol +L™") under vigorous
stirring. The mixture was then transferred to Teflon
lined stainless autoclave and heated at 180 °C for 12 h.
A white precipitate was collected, washed with distilled
water and ethanol for several times, and dried in air at
60 C. Then the as prepared Y(OH); nano-rod was

mixed with certain amount of Eu,0;, Na,CO; and sulfur,

in which Y,03, S and Na,CO; with a mass ratio of 10:3:3
while Y**and Eu’* with a molar ratio of 1:0.03. The
mixture was thoroughly mixture and ground then heated
in muffle furnace at 850 °C for 5 h under carbon
monoxide atmosphere. Then the products were dipped
in dilute HC1(0.1 mol -L™) for about 1 h and washed
with distilled water and ethanol for several times.
For comparison, bulk Y,0,S:Eu** was synthesized by
conventional sulfur flux method™”.
1.1 Characterization

X-ray power diffraction(XRD) data of the products
were collected at room temperature using MSAL-XRD2
automatic X-ray Diffractometer with Cu Ka (40 kV,
20 mA, A =0.154 06 nm) and a scanning rate of 8° -
min . Transmission electron microscopy (TEM) was
used to detect the shape of the products, using an
accelerating voltage of 100 kV. Samples for TEM were
prepared by dropping a diluted suspension of the sample
powders onto a standard carbon-coated film on a copper
grid and air-dried. Photoluminescence measurements
were performed on a Hitachi F-4500 Fluorescence
spectrophotometer equipped with a 150 W xenon lamp as

the excitation source at room temperature.
2 Results and discussion

2.1 Crystal structure and morphology of Y(OH);
precursor

The XRD pattern of the
hydrothermal route is shown in Fig.1. The well

precursor  after

developed sharp diffraction peaks and flat baseline
indicate good crystallinity of the powder. All the peaks

can be indexed into hexagonal structure, and the
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Fig.1 XRD patterns of Y(OH),




8

T 2 A PO RE T A Y,0,8 Eu N KR T 1423

lattice parameters are calculated from the pattern with
@=6.026 1 nm and ¢=3.544 nm, in good agreement with
the standard powder diffraction file, PDF#24-1422. No
peaks attributable to other products are identified,
suggesting that a pure phase of hexagonal Y (OH);
powder is prepared by hydrothermal route.

As can be seen from Fig.2a, Y(OH); powder with

uniform shape and size is obtained by the
hydrothermal method, showing the advantage of this

method in preparing particles with uniform size. All

the particles show rod-like shape, and the diameter is

70~80 nm.

Fig.2 TEM images of Y(OH)s(a), Y,0,S:Eu* nano-crystals(b) and bulk Y,0,S:Eu*(c)

2.2 Phase identification of Y,0,S:Eu*

Fig.3 shows the XRD patterns of bulk and
nanocrystalline Y,0,S:Eu*. Both of the patterns for bulk
and nanocrystalline Y,0,S :Eu’* are different from the
Y (Oh); precursor shown in Fig.1, suggesting a new
phase. Another hexagonal structure with lattice
parameter a of 0.385 2 nm and ¢ of 0.666 7 nm could
be indexed from the pattern, which is in good
consistence with the standard XRD data of Y,0,S(PDF
#24-1424). No diffraction peaks attributable to other
products are observed, indicating high purity of the
products. Na,CO; serves as co-activater and the
byproducts are washed away completely. The XRD
pattern shows sharp diffraction features in bulk Y,0,5:
Eu* but much broader and less intense peaks in Y,0,S:
Eu** nano-crystals because of their much smaller grain

size and lower degree of crystallinity.
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Fig.3 XRD patterns of Y,0,S:Eu*
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2.3 Morphology and growth mechanism of Y,0,S:

Eu* nano-crystals

Transmission electron microscope images of nano-
crystalline and bulk Y,0,S:Eu** are shown in Fig.2(b,c).
As estimated from the TEM micrograph, the diameter of
the bulk Y,0,S:Eu’* prerared by conventional method
are several microns while the diameter of Y,0,S:Eu®*
nanocrystals prerared by hydrothermal method are 70~
80 nm, correspounding to the size of the precursor
Y (OH);. However, in this case, quite different from our
expectance, the rod-like structure of the precursor
Y (OH); is broken, and uniform particles are obtained.
This indicates a tremendous shape change from the
precursor to the product. This may result from the
unstablility of the precursor Y(OH); or the etching effect
of the flux formed by the alkali carbonates and sulfur
powder during the calcination. Perhaps both factors are
functioning synergistically.

Further exprements reveal that the shape change
from the precursor to the product is attributed to the
etching effect of the flux. If the precursor is heated
alone without the fiux at 850 “Cor higher for 5 h , the
Y,0; obtained is nano-rod too (Fig.4b), indicating that
the shape change is not caused by the decomposition of
the precursor. If the mixture is heated at lower
tempreture, rod-like morphology of the precursor is
partly preserved. The morphology of the final product in

this case is neither rod-like nor nano-particles, but rod-
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Fig4 TEM images of Y(OH)s(a), Y,04(b), 800 °C 2 h for intermediate(c) and Y,0,S:Eu*(d)

like with some crevasses (Fig.4c). Therefore we suggest
that the flux of Na,CO; and sulfur corrupt the

191

precursor The thermolysis reaction proceeds as

follows:

Y (OH);+Eu,05+lux(Na,CO3+Sy—Y,0,S: Eu™+

flux residue(Na,S,+Na,SO,)+byproducts(H,S+
Hy0+SO0p+- - +)

The flux corrupts the precursor Y (OH); and then
crevasses are formed. As time passses, rod-like
structure is broken, nano-particles are formed. When
the products are dipped in dilute HCL, flux residue is
dissoved. All the byproducts are washed away by
distilled water and anhydrous ethanol, only Y,0,S:Eu*
nano-particles are left. This result is in accrodance
with the XRD and TEM analysis. No impurity phases
are detected, and the particles are well-dispersed(Fig.
4d). According to the literature"?, different flux will
produce oxysulfide with different shapes. A scheme
for the formation of spherical particles is illustrated in

Fig.5.
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Fig.5 A scheme for a nanorod to nano-crystals
conversion by the etching of alkali melt

during the calcination

2.4 Luminescent spectra analysis

The excitation spectrum was performed by
monitoring the emission of Eu’* Dy —F, transition at

626 nm. There are two charge transfer(CT) bands in the

excitation spectra for Y,0,S:Eu** from Fig.6a, the one
around 280 nm attributes for S*—Eu** while the other
around 346 nm attributes for 0> —Eu**%. The emission
intensities caused by O**—FEu** are much stronger than
S*~—Fu’*. Upon excitation at 314 nm, the emission
spectra of the products are obtained (Fig.6b). The strong
red-emission lines at 626 nm and 614 nm are due to the
transition from °Dy—"F, level of Eu** and its strongest
peak is at 626 nm. Other transition from the °D,(J=0, 1)
excited levels to "F)(J=0, 1, 2, 3, 4, 5, 6) ground states
are very weak. Both the excitation peaks and the

emission peaks are amost the same in position for bulk
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Fig.6  (a)Excitation and (b) emission spectra of Y,0,S:Eu
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and nanocrystalline Y,0,S:Eu® * but all the peaks of
nanocrystalline Y,0,S:Eu’* are much less intense than
the uncoated Y,0,S:Eu’*, which may result from the

great demission of the particle size.
3 Conclusions

In summary, well-dispersed Y,0,S :Eu’ * nano-
crystals were synthesized through hydrothermal method
followed by thermal decomposition in presence of
sulfur. The results indicate that both bulk and nano-
crystals Y,0,S:Eu’ are in pure phase, hexagonal crystal
structure. The hydrothermally prepared Y (OH); reveals
a rod-like morphology, while the calcined Y,0,S :Eu’*
are narrow distributed nano-crystals about 80 nm. The
morphological change can be explained by the etching
effect of the melt formed by the carbonate and S powder
during the high temperature calcination. It is therefore
concluded that Eu** could be effectively incorporated
into yttrium oxysulfides, resulting in good luminescent
properties from the excitation and emission spectra.
Besides, the mechanism is discussed too. Hydrothermal
method offers a very simple way of fabricating well-

crystallized nano-crystals.
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