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Glycine-Assisted Hydrothermal Synthesis of CaF,:Ln*(Ln=Eu, Tbh) Microcrystals with
Different Morphologies

WANG Miao SHEN Xin-Lin TANG Yan-Feng JIANG Guo-Qing SHI Yu-Jun™
(School of Chemistry and Chemical Engineering, Nantong University, Nantong, Jiangsu 226019, China)

Abstract: By employing KBF, or K;SiFy as fluoride source, a facile glycine-assisted hydrothermal route has been
developed to synthesize a series of well-dispersed CaF,:Ln**(Ln=Eu, Th) microcrystals with a variety of
morphologies, such as cubes, hollow polyhedra and hollow spheres. X-ray diffraction (XRD), Fourier transform IR
(FTIR), scanning electron microscopy (SEM) and photoluminescence (PL) were used to characterize the purity,
crystalline phase, morphologies and the photoluminescence properties of the samples. The XRD results show that
all the as-prepared CaF, have cubic structure and high crystallinity. The SEM results indicate that, in the
presence of glycine, the as-prepared Cal, microcrystals present morphologies of highly dispersed hollow
polyhedra and hollow spheres obtained from KBF, and K,SiFs, respectively. Meanwhile, the Cal, hollow spheres
were assembled from numerous nanocubes. In the synthetic process, glycine, fluoride source and reaction time
play crucial role in confining the growth of the different morphological CaF, microcrystals. The growth mechanism

for products with diverse microstructures have been proposed based on the experimental results.
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0 Introduction applications owing to their low energy phonons and high
ionicity, which lead to less absolute fundamental

Inorganic fluorid e materials have diverse optical absorption with respect to other oxide or sulfide
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materials!”. As an important fluoride, CaF, has attracted
increasing interest with res a nd biocompatible

4|

luminescent markers®. So far, dramatic efforts have

been dedicated to the exploration of various
convenient and efficient approaches for the fabrication
of a range of CaF, To date, several kinds of wet
developed  to

chemical approaches have been

synthesize CaF, nano/microstructures, such as polyol

method ™, solvothermal or hydrothermal methods ¥,

19-10] [11-12]

thermolysis "™, coprecipitation ', solvent extraction
route!™ and sonochemical route!". Correspondingly, a
of different nano/

series morphological ~ Cak,

microstructures have been fabricated, such as

nanoparticles ¥, cubes P, plates & polyhedra &

679-10] [12-13]

truncated octahedron! , wires'"!, hollow spheres
and flowers™!,

In recent years, the biomolecule-assisted routes
have been widely used in the synthesis of complicated
structures because of their special structures and
fascinating self-assembling functions. Among them, the
glycine-templated method may provide an alternative
for controlling of inorganic crystal growth and
fabricating novel micro/nanostructures. Up to now, a
variety of inorganic micro/nanomaterials, such as Lal

171

nanoplates!", YPO, bundles"®, Fe,0; nanospheres'” and

3D hierarchical Zn; (OH),V,0; -:2H,0 microspheres [

have been prepared via glycine-assisted route.
However, to the best of our knowledge, few studies have
focused on the synthesis of CakF, by glycine-assisted
method. Herein, we present a simple glycine-assisted
hydrothermal route to selectively synthesize different
morphological CaF, microcrystals. It is found that the
shapes and dimensions of the products are strongly
dependent on the reaction condition, such as
the amount of glycine, fluoride source and reaction
time, only the optimum ratio of three factors is
favorable for the formation of unique morphological

products.
1 Experimental

1.1 Preparation
CaCl,, KBF,, K;SiF¢ and glycine (C,HsNO,) (AR)

were purchased from Shanghai Chemical Reagent

Corporation and used without further purification.
Lanthanide oxides Ln,0; (Ln=La, Eu, 99.99 %) and
Th,0; (99.99%) were purchased from Shanghai Yue
Long New Materials Corporation. In a typical process,
2 mmol of CaCl, and 2 mmol of glycine (C,HsNO,)
were added to 25 ml distilled water under stirring.
When these reagents were dissolved, 1 mmol of KBF,
was put into the solution. After stirring for 20 min, the
obtained suspension was transferred into a 30 mL-
teflonlined autoclave. The autoclave was sealed and
heated at 120 °C for 12 h, then cooled to room
temperature naturally. The white products were
precipitated by centrifugation, washed with distilled
water and ethanol, and finally dried at 70 “C for 4 h.
5% Ln**-doped CaF, were prepared using the same
hydrothermal treatment as the undoped sample except
that 0.1 mmol of Ln(NO;);-6H,0 (Ln=Eu, Th) and 1.9
mmol of CaCl, were used instead of 2 mmol of CaCl..
1.2 Materials characterization

The FTIR spectrum was recorded between 4 000
and 400 cm™ on a Nicolet AVATAR 370 instrument.
The crystalline phases of the products were analyzed
by XRD on a Bruker D8-Advance powder X-ray
(Cu Ka radiation, A =0.154 18 nm),

employing a scanning rate of 4.00° -min~, in the 20

diffractometer

range from 20° to 80°. The operation voltage and
current were maintained at 40 kV and 40 mA,
respectively. The sizes and morphologies of the
resulting products were studied by field emission
scanning electron microscopy (FE-SEM,HITACHI S-
4800) at 15 kV. The luminescent spectra of the solid
samples were recorded on HITACHI F-4500 spectro

photometer at room temperature.
2 Results and discussion

2.1 Structure characterization

The XRD patterns for the sample in a typical
experiment is shown in Fig.la, with the fixed molar
ratio of CaCl,/Gly/KBF, at 2:2:1, all diffraction peaks
can be indexed to cubic structured CaF, (PDF No. 04-
0864). No peak of impurities is observed, confirming
the formation of pure CalF,. The strong and sharp

diffraction peaks indicate that the as-obtained products
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Fig.1 XRD patterns of the product obtained after

reaction for 12 h

are well-crystalline ones.
2.2 Morphology characterization

Fig.2a ~b show the SEM images of the products
obtained in a typical procedure, when 2 mmol glycine is
used. As shown in the low-magnification SEM image
(Fig.2a), a large number of mono-dispersed polyhedra
with the edge length about 50~100 nm are formed, no
other morphologies can be detected. The product is of
a similar shape with those reported truncated
octahedron!. However, from the magnified SEM image
(Fig.2b), it is found that there are a few holes on the
surface of Cal, polyhedra, indicating the hollow nature

of the polyhedra.

2:2:1 (a~b); 2:0:1 (c); 2:1:1 (d)

2.3 Effect of reaction parameters

To obtain a better understanding of the crystal
growth procedure, controlled trials are performed to
investigate the effect of glycine on the morphologies of
the products. When KBF, is used as fluoride source, all
diffraction peaks of the products obtained from different
amounts of glycine can all be indexed to cubic phased
CaF, (Fig.1b~c). Therefore, the molar ratio of Ca*/Gly/
BF, = has no great effect on the crystalline phase.
However, the diffraction peaks obtained from CaCly
Gly/KBF, as 2:0:1 are much sharper than the product
obtained from 2:2:1. According to Scherrer equation, it
is clearly indicated that with the increasing of glycine,
the size of the products is decreased. The corresponding
SEM images of as-prepared products are shown in Fig.
2¢ ~d. In the absence of glycine, it is found that the
morphology of the as-prepared Cal, consists of highly
dispersed cubes with edge length of 150~400 nm (Fig.

2¢). The size of the cubes is different from each other.

This observation indicates that glycine plays a key role
in controlling the morphology and size of the products.
When 1 mmol glycine is added, irregular polyhedra
(Fig.2d). These results
morphologies of the CaF,

coexisted holes are formed
indicate  that the
microstructures are sensitive to the amount of glycine.
In order to investigate the effect of fluoride source,
another complex fluoride, K,SiFg is used instead of
KBF, to synthesize CaF, by an identical procedure. As
shown in Fig.1d ~f, the products obtained from K,SiFs
can also be characterized as pure cubic phased Cak,
(PDF No. 04-0864). However, the diffraction peaks
obtained from CaCly/glycine/K,SiFs as 2:0:1 (Fig.1d) are
much sharper than those of the product obtained from 2:
2:1 (Fig.le). The SEM images of the product obtained
from different molar ratios of CaClyglycine/K,SiFy are
shown in Fig.3a~e. When the molar ratio is fixed as 2:0:
1, namely, in the absence of glycine, the morphology

of the as-prepared Cal, consists of irregular polyhedra



12 ES

BRAE L H AR A B KIS AR FTE AR CaFyLn*(Ln=Fu, Th)HCK &

2663

(Fig.3a). These results are well agreeable with those
reported ", When 1 mmol glycine is added, the as-
prepared CakF, are small irregular cubes with different
sizes (Fig.3b~c), and many of the cubes are aggregated
together. When the amount of glycine is increased to
2 mmol, homogeneous cage-like hollow spheres with
diameters of about 500 nm were formed, as shown in
Fig.3d. The magnified SEM images

that the hollow microspheres are constructed by many

(Fig.3e) indicate

100 nm

cubes with the diameter of 100 nm. It is worthy to
note that there are a great number of different sized
pores on the coarse surfaces of microspheres.
Consequently, with increase of the glycine, the CaF,
hollow microspheres undergo a self-assemble process
in the morphological evolution from nanocubes. The
above results also reveal that the fluoride sources have
remarkable impacts on the morphologies of the as-

prepared Cal,.

40 nm

Fig.3 SEM images of the products prepared from K,SiFg with the molar ratio of
CaCly/glycine/K,SiFs as 2:0:1 (a); 2:1:1 (b~c) and 2:2:1 (d~e)

Furthermore, a series of time-dependent
experiments were carried out to investigate the growth
details. Fig.4a~b are the SEM images of the products
after 6 h and 24 h of reaction time, respectively, when
the molar ratio of CaCly/glycine/KBF, is fixed as 2:2:1.
The morphologies of the CakF, obtained from 6 h are

monodispersed polyhedra (Fig.4a). When the reaction

time is increased to 24 h, a large number of irregular
polyhedron is formed. Of particular interest is that some
of these polyhedra are hollow inside, which is similar to
that obtained in 12 h (Fig.2b). When K,SiF¢ is employed
as the fluoride source, and the molar ratio of CaCly/
glycine/K,SiFy is fixed at 2:2:1, after 6 h, the SEM
image in (Fig.4c) shows that the product is composed of

(a) 6 h and (b) 24 h when molar ratio of CaCly/glycine/KBF, as 2:2:1; (c) 6 h and (d) 24 h when molar ratio of CaCly/glycine/K,SiFg as 2:2:1

Fig.4 SEM images of the products prepared from KBF, or K,SiF¢ within different reaction times
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a majority of cagelike aggregates assembled by

nanocubes, accompanying a small fraction of
microcubes. After 24 h, many hollow microspheres are
obtained. The surface of the spheres is rough and
composed of small nanocubes. Therefore, the
morphologies of the product are time-dependent. In
addition, the concentration of the starting materials has
not influence on the crystalline phases of the products.
For instance, a reaction using the molar ratio of Ca**/
BF, as 1:0.5 gives CaF, with the same crystalline phase
and morphology, but the yield is much lower.
2.4 Possible formation mechanism

As shown in Fig.5a, there are clear displacements
for some of the main absorption peaks of the Ca-gly
complex compared with the pure glycine. Located in

3 169 cm ' of the characteristic absorption peak for

a
Ca-Gly

T/ %

0

Wavenumber / cm’!

4000 3500 3000 2500 2000 1500 1000 500

glycine is disappeared after the Ca-gly complex formed.
The peaks at 1 407 and 1 589 c¢m™ can be assigned to
the symmetric stretching vibration and antisymmetric
stretching vibration of —COO~ in Ca-gly complex.
However, they should be located in 1413 and 1612 ¢cm™
in pure glycine. Therefore, the groups -NH, and -COOH
in glycine are all coordinated with Ca®*. These data are
consistent with the previous reports!”*. The formation
of Ca-gly complex are further affirmed by XRD. As
shown in Fig.5h, the position and the intensity of the
diffraction peaks for Ca-gly complex are of great
differences from the the pure glycine. The strong
diffraction peaks indicate that the as-obtained products
are new materials instead of the mixture of Ca-gly

complex and glycine.

(a) Gly
(b) Ca-gly complex

10 20 30 40 50 60 70
201/ (°)

Fig.5 FTIR (a) and XRD (b) patterns of pure glycine and Ca-gly complex (molar ratio as 2:1)

From above experimental results, a possible growth
mechanism based on self-assembly and Ostwald-
ripening processes is proposed (Fig.6). It is known that
KBF, (or K,SiFy) yields F by hydrolysis of BF,(or SiF¢).
In the current study, Ca®* and glycine formed complexes

at the beginning. The F~ ions are first released from

KBF, (or K,SiFg) and then react with the Ca®* ions

Glycine
KBF,
Nucleatio polyheron hollow
Polyhedron
W
°In.jt.ial panicles\
ng Glycine
o

. Assernbly

Nucleation Polyhedron Cagelike sphere ~ hollow sphere

Fig.6  Schematic illustration for the formation mechanism

of different morphological products

(released from the Ca-Gly complex) to form CakF,
nanoparticles. Once the CaF,nanoparticles formed, the
(or K,SiFy) can
crystallographic

decomposed products from KBF,
selectively adsorbed onto certain
planes of the CaF, seeds. In a further crystallization
process, as the growth rates of different crystal facets
are unequal (i.e., anisotropic growth), leading to the

preferential growth of some specific crystalline

14,18,21]

planes'! In the following stage, with the help of
glycine molecules and the increasing of reaction time,
the particles recrystallize, aggregate and oriente to
minimize the surface energy. Such self-assembly and
oriented attachment mechanisms have been revealed in
the formation of several hollow structures. Therefore, it

can be assumed that the glycine molecules, as a



%12 T RS H AR B KIAG A FIE S CaFyLn®(Ln=Eu, Th)#HCK f 2665

structure directing agent, facilitate the oriented growth
and self-aggregation through the interactions between
Ca’* and -COOH
occurred in the system when EDTA or CTAB is used

[14,18.21-23]

(or -NH,). Similar process has

2.5 Photoluminescent properties

The emission spectra for 5mol% Eu* or Th*-doped
CaF, samples are shown in Fig.7. For Eu**-doped CaF,,
when the samples are excited at 395 nm, the
corresponding emission peaks are observed at 591 nm,
613 nm, 648 nm and 684 nm. They originate from the
transitions between the °I), excited-state and the 'F; (J=
1, 2, 3, 4) ground states of Eu’* ion™. Meanwhile, for
Th**-doped CaF,, when the samples are excited at 376
nm, the emission spectrum exhibits four well-resolved
peaks centered at 490, 543, 584, and 619 nm,
corresponding to Th** transitions of *D;—F; (where J=6,

5, 4, 3). As shown in Fig.7, although the major peaks

SDyTF, a: CaF,'Eu*

Hollow polyhedra

SDy-"F

Hollow spheres

550 600 650 700 750
Wavelenght / nm

in the emission spectra of these samples are identical,
but the intensity is different. Yan and co-workers >
have investigated the luminescent properties of rare
earth doped nanomaterials and found that the emission
intensity is size-dependent. They suggested that as the
particle size of nanomaterials became smaller, the
lattice become more distorted, which was responsible
for the difference of the intensity patterns. The degree
of crystallinity and the level of disorder are the other
two factors affecting the luminescent properties of
nanomaterials. It 1is generally believed that the
morphology and the crystal structure should influence
the luminescent properties of nanostructured particles.
Therefore, the difference in luminescent properties of
the products can be ascribed to the combined roles of
their various dimensions, morphology, and the degree of
crystallinity and crystalline phase. The reasons for these

differences are not clear yet.

)
D 'Fs a: CaF,'Tb*

Hollow polyhedra

Hollow spheres
SDyTFs

SDF,

450 500 550 600 650
Wavelenght / nm

Fig.7 PL spectra of the 5% Eu*-doped CaF, (a) and Th*-doped CaF, (b)

3 Conclusions

Via a simple hydrothermal route, cubic phased
CaF, microcrystals with different morphologies (cubes,
hollow polyhedra and hollow spheres) have been
selectively synthesized. The glycine, fluoride sources
and reaction time are key factors in the formation of

different morphological Cal.
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