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Hydrothermal Synthesis of YF; Microcrystals with Different Morphologies and
Luminescent Properties of Eu*-Doped YF;

WANG Miao SUN Tong-Ming SHI Yu-Jun*
(School of Chemisiry and Chemical Engineering, Nantong University, Nantong, Jiangsu 226007)

Abstract: Hydrothermal approaches were used to synthesize microcrystals with YF; different morphologies
(octahedron or ovals) from the reaction of Y (NO;);-6H,0 and K,SiFs or KPFs The chemical composition was
determined by X-ray photoelectron spectroscopy (XPS), no peak other than Y and F is observed. X-ray diffraction
(XRD) patterns show that all as-prepared YF; products have the same orthorhombic structure. Scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) results indicate that the octahedral crystals of YF;
have an edge length about 200 nm and the ovals are self-assembled by small nanocubes. The room temperature
luminescent properties of Eu?*-doped YF; crystals were also investigated. The possible formation mechanism is
discussed.
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Due to the high ionicity of the Y** to fluorine bond,
YF; has very low vibrational energy and the quenching
of the excited states YF;. As a promising down/up
conversion luminescent host matrix, YF; has recently
attracted considerable attention in many research
fields " Since the chemical properties of inorganic
nanocrystals usually depend on their sizes and shapes, a
lot of efforts have been devoted to rationally control

them, especially to the exploration of various simple
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and efficient approaches for preparing YF; materials.
Among them, some relatively mild chemical procedures,
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such as hydrothermal pathways™®, precipitation*"],
microwave routes'? and microemulsion!" have been de-
veloped to prepare YF; with different sizes and mor-

3910 hollow peanuts !,

phologies. So far, octahedron !
spheres and bundles"”, quadrilateral and hexagonal
nanocrystals!™' have been successfully obtained.

The most often used synthetic approaches employ

YLIRAE R H AR 0 42 (No.O8KIB430012) , ¥ 3 i W JHAF 5 11300 551 H (No.K2008001) , 18 K H SRR H (No.09562) , 149 i K 2 1l

Jit 3113 42 (No.08RO7) % B 351 H |
BRI R A, E-mail ;:syj@ntu.edu.cn

R L #3048 B YR BT T5 1 . D R AN KRR Y A Bk 5



52 B

BRAE AR RITE S Y, BOK B K #E B YF s Eud 9 S 5 275

HF, NaF, NH,F as fluoride source under a variety of re-
action conditions. Recently, tetrafluroborate complexes
have also been used as the fluoride source for the
preparation of binary rare earth fluorides™ . Our
previous studies showed that, under hydrothermal con-
ditions, YF; nanocrystals formed from NaBF,, NH,BF,
or KBF, were self-assembled into hollow peanut-like
structures””.  Meanwhile, imidazolium ionic liquids
(CymimBF,; and CymimPFg) (mim=methylimidazolium)
were also employed to prepare YF; with controlled
crystalline phases and novel morphologies """, Hy-
drothermal method has been used to prepare EuF;™,
herein, we use two unique inorganic complex fluorides
(K;SiFs and KPFy) as fluoride source to synthesize YF;
under this facile and simple method. It is found that
fluoride source and reaction time play crucial roles in
the formation of different morphologies for final prod-

ucts.
1 Experimental

1.1 Preparation

Rare earth oxides Ln,O;(Ln=Y, Eu, 99.99%) were
purchased from Shanghai Yue Long New Materials Cor-
poration. The rare earth nitrate Ln (NO3); -+6H,0 was
made by dissolving rare earth oxide in nitric acid(63%-~
65%) and then evaporating the solvent. All other chem-
icals used were analytical reagent grade and used as re-
ceived without further purification. 1.0 mmol Y (NO3);+
6H,0 and 0.5 mmol K,SiFs(or KPF¢) were dissolved in
25 mL of distilled water in a plastic flask. After being
stirred for 20 min at room temperature, the mixture was
transferred into a 30 mL Teflon-lined stainless auto-
clave. After the autoclave was sealed and heated at
160 °C for a set time, it was naturally cooled to room
temperature. A white solid was collected after centrifu-
gation and then washed with distilled water and ethanol
in an ultrasonic bath for several times. The solid was
collected and dried at 70 °C for 3 h. At 160 °C, 5mol%
Eu-doped YF; samples were prepared during different
reaction time.
1.2 Characterization

The crystalline phases of the products were ana-

lyzed by XRD on a Shimadzu XRD-6000 powder X-ray

diffractometer (Cu Ko radiation A=0.154 18 nm), em-

ploying a scanning rate of 4.00° - min™

, in the 26 range
from 10° to 80°. The operation voltage and current were
maintained at 40 kV and 30 mA, respectively. The X-
ray photoelectron spectra (XPS) were recorded on an
ESCALAB MK II X-ray photoelectron spectrometer,
using Mg Ka X-ray as the excitation source. The sizes
and morphologies of the products were studied by a
TECNAI F20S-TWIN transmission electron microscopy
(TEM) and a JSM-6700F scanning electron microscopy
(SEM). The luminescent spectra of the solid samples
were recorded on HITACHI F-4500 spectrophotometer

at room temperature.
2 Results and discussion

2.1 Structure characterization
The X-ray diffraction patterns of the as-obtained
products are shown in Fig.1a. All the diffraction peaks
can be readily indexed to orthorhombic ecrystalline
phased YF;. The positions of the peaks are in good a-
greement with values in the literature (PDF No.74-
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Fig.1 XRD patterns of the YF; from different

fluoride sources
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0911). No impurity peak is observed. XRD analyses
show that products from KPFg(n . /n ~=0.5) are both
orthorhombic and changes of the reaction time do not
affect the crystalline phase of the products(Fig.1b).
Fig.2 shows the XPS spectrum of the orthorhombic
YF; from K,SiF¢(12 h) and KPF4(12 h), all peaks are as-
signed to Y and F except C and O peaks (probably from
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Fig.2  XPS spectrum of the YF; obtained from (a) K,SikF,
and (b) KPFy within 12 h

a source in the XPS chamber). The peak at about 685.1
and 159.7 eV corresponds to the Fls and Y3d binding
energy, respectively. The results are in agreement with
values in literature!”.
2.2 Morphology characterization

YF;solids are obtained from the reaction of Y(NO3);-

6H,0 with K,SiFs(ny g5 /n,~=0.5). Their TEM and SEM

images(Fig.3a, b) show that they have microsized trun-
cated octahedron shapes with the edge length of ca. 200
nm when the reaction time is 3 h. These unique shapes
are similar to those in earlier reports % After 6 h, the
truncated parts of some octahedrons have grown com-
pletely into octahedron with clear borders (Fig.3¢c, d).
Complete microsized octahedrons are formed after 9 h.
Their SEM images are consistent with the TEM obser-
vation (Fig.3e, f). The most important observation is that
the surfaces are not smooth and the octahedrons have
layer-by-layer structures. Spheres with diameter of ca.
200 nm are prepared in a period of 12 h (Fig.3g).
Controlled experiments have been carried out to investi-
gate the effects of reaction parameters. The reaction tem-
perature does not show a significant effect on the crys-
talline phases and morphologies. In addition, the molar
ratio of the starting materials does not affect the crys-
talline phases and morphologies of the products, neither.
KPF¢, another inorganic complex fluoride, is also

used as fluoride source to synthesize YF; by an identi-

cal procedure. TEM and SEM images of the products

TEM images: a(3 h), ¢(6 h) and e(9 h); SEM images: b(3 h), d(6 h), £(9 h) and g(12 h)

Fig.3 TEM and SEM images of the YF; prepared from K,SiFg in different periods of time
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from KPFs are shown in Fig.4. The TEM image shows
the YF; solid, obtained with 3 h, is small nanocubes

with irregular shapes and their sizes are different from

each other(Fig.4a). With the extension of reaction time
(12 h), SEM(Fig.4b) and TEM(Fig.4c) images show the
products become uniform ovals with length of ca.

300 nm and width of 200 nm, and the surfaces are

rough. A magnified TEM image reveals that a single o-
val(Fig.4d) consists of small nanocubes, and the size of
the nanocubes is identical to those in Fig.4a. These re-
sults suggest that the oval is formed by the self-assem-
bly of small nanocubes during the reaction process. The
morphological evolution of the product is similar to that

using NaBF, as fluoride source'.

© (d)

(a) TEM images 3 h; (b~d) SEM and TEM images, 12 h

Fig4 TEM and SEM images of YF; obtained from KPF, during different periods of reaction time

2.3 The formation mechanism of YF;

We previously used XBF,(X=H, Na, NH, and K) as
the fluoride source in the preparation of YF; and Eulks
nanocrystals™'?. By varying the fluoride source, differ-
ent morphological YF; can be controllably synthesized.
Similar to BF,~, both SiF¢~ and PF¢™ need to release F-
anions through a hydrolysis process, and F~ anions then
react with Y* to form YF;. The proposed reaction path-

ways are summarized as follows:

SiFZ +3H,0 — 2F-+H,Si0; + 4HF 1)
PFy + 4H,0 — F- + H,PO, + SHF 2)
Y* + 3F— YF, 3)

The Eqs(1~3) were reported earlier®. Our pre-
vious research also revealed that the cations of the
simple binary fluoride source XF(X=K, H, NH,, Na,
Rb, or Cs) played an important role in the formation
of EuF; nanocrystals with different morphologies™. In
this study, it is obvious that the morphology of YF;
can be controlled by varying the fluoride source. The
positive ion in the fluoride source (KPFs or K,SiFy) is
the same and the negative central ion is different. In
our previous studies, in the case of KBF,, a ring-like
structure was formed by the self-assembly of the nano-
blocks of EuF;. However, only oval-like and blocks of
EuF; formed with KPFs and K,SiFg, respectively .
Therefore, it is believed that the negative ions are re-

sponsible for the different morphologies of the as-pre-

pared YF.
2.4 Luminescence properties

The room-temperature luminescent properties of
S5mol% Eu-doped YF; samples, prepared from differ-
ent conditions, are shown in Fig.5. When samples are
excited at 395 nm, the corresponding emission peaks
are observed at 592, 615, 651 and 692 nm. They o-
riginated from the transitions between the °D, excited-
state and the 'F(J=1, 2, 3, 4) ground states of Eu**
ion. Although the positions of the major peaks in the
emission spectra are identical for these samples, but
their emission intensity is different. This difference
could be affected by their morphologies, dimensions

and crystal structures.
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a: K,SiFg, 12 h; b: K,SiFe, 3 h; c: KPFg, 12 h
Fig.5 Room temperature luminescence of the Eu-doped

samples obtained from different conditions
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3 Conclusion

Microsized octahedrons and ovals of YF; have
been prepared by a hydrothermal route using K,SiF,
and KPFg as the fluoride sources. The time-dependent
studies reveal that the oval-like YF; from KPFg under-
goes a self-assembly process in the morphological evo-

lution.
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