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Selective Synthesis and Characterization of LaF; Nanoplates and Bundles

SUN Tong-Ming SHI Yu-Jun TANG Yan-Feng WANG Miao™
(School of Chemistry and Chemical Engineering, Nantong University, Nantong, Jiangsu 226019, China)

Abstract: At room temperature, Lal; nanocrystals with different morphologies (plates and bundles) have been
successfully fabricated via a simple solution route by varying the fluoride source (NaBF, and K,SiFg). X-ray
powder diffraction (XRD) results indicate that all the as-prepared different morphological LaF; products have
hexagonal structure and high crystallinity. Field emission scanning electron microscopy (FE-SEM) and
transmission electron microscopy (TEM) results show that large-scale and uniform hexagonal nanoplates with
thickness about 20 nm can be easily synthesized from NaBF,, while bundles with diameter of 200 nm and length
about 400 nm have been prepared from K,SiFs. Some reaction parameters (fluoride source, reaction time,
temperature and molar ratio of reactants) have been systematically investigated during the process of obtaining
different morphological Lak;. Furthermore, a possible reaction mechanism for the growth of Lak; is proposed and

the room temperature photoluminescent properties of LaFsEu* and LaF3Th* crystals have been measured.
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0 Introduction labeling".  Among these fluorides, LaF; nano- and
microstructures  have recently stimulated broad

Binary lanthanide fluoride (LnFs;) materials, a kind research interests since it can be used as a host crystal

of important rare-earth based compound, has attracted for lanthanide-doped phosphors with interesting down/
increasing attention in modern materials due to their up conversion luminescent properties. Numerous efforts
many potential applications in optics, biological have been devoted to the exploration of LalF; and Ln**-
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doped LaF; with multiform structures and morpho-
logies. Ln**-doped LaF; nanoparticles!", spheres!,
triangular nanoplates P, hexagon-shaped nanoplates®”,
nanodisks ", nanorod """ and nanowires " have been
reported in literatures. A variety of simple and efficient
approaches have been employed to fabricate these mat-
erials, including co-precipitation, single-source prec-
ursor (SSP) strategy, hydrothermal and polyol route!" .,

(NaBF,,
NH.BF, or KBF,) have been used to prepare rare-earth

Recently tetrafluroborate  complexes

fluorides with multiform morphologies. YF; hollow

04 SmF'; microplates™!, EuF; nanospindles &

peanuts
nanodisks"® have been successfully prepared in our
previous work. Employing trisodium citrate (Cit’") as
organic additive, Lin and his coworkers have succes-
sfully prepared rare-earth fluoride ReF; (Re=La to Lu)
nano-/microcrystals from NaBF, under hydrothermal
condition!"”. By employing KBF, as fluoride source, Cao
have prepared a series of different morphological rare-
earth fluoride nanoparticles with sonochemical route,
including EuF; nanoflowers"™ and CeF; nanodisks!".
However, to the best of our knowledge, few studies have
focused on the synthesis of highly mono-dispersed Lak’
nanocrystals by complex fluorides at room temperature.
Herein, we present a simple solution route at room
temperature to synthesize different morphological LaF;.
Two fluoride sources, NaBF, and K,SiFg have been used
to prepare plates and bundle-like LaFs. It is found that
fluoride source, molar ratio of reactants and reaction
time play crucial roles in the formation of different
morphologies of products. Furthermore, the room-

temperature photoluminescent properties of Eu** or Th**

doped LaF; crystals have been investigated.
1 Experimental

1.1 Preparation

Lanthanide oxides Ln,O; (Ln=La, Eu, 99.99 %)
and Ths0; (99.99 %) were purchased from Shanghai
Yue Long New Materials Corporation. NaBF, (A.R.) and
K,SiFs (A.R.) were purchased from Shanghai Chemical
Reagent Corporation. The lanthanide nitrate Ln(NOs);+
6H,0 (Ln=La, Eu, Tbh) precursors were prepared by

dissolving the corresponding lanthanide oxides in a

diluted nitric acid solution, and the water in the
solutions was evaporated by heating. A typical
procedure for the preparation of Lal; is given below.
1.0 mmol La(NO;);-6H,0 and a certain amount of
fluorides  (0.75 mmol NaBF, or 0.5 mmol K,SiF) were
dissolved in 25 mL of distilled water in a 50 mL plastic
flask, and the solution was stirred at room temperature
for a fixed reaction period. The resulting white solid
precipitates were collected and washed several times
with distilled water and ethanol in an ultrasonic bath.
The final products were dried at 70 °C for 3 h. Th** or
Eu’* doped LaF; samples were prepared by the same

procedure except for additional 5 mol% (total molar

ratio) Eu(NOs);-6H,0 or Th(NO;);+6H,0 into La(NO;);-
6H,0 solution at the initial stage.
1.2 Materials characterization

The crystalline phases of the products were
analyzed by XRD on a Shimadzu XRD-6000 powder X-
ray diffractometer (Cu Ko radiation A =0.154 18 nm),
employing 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, respe-
ctively. The sizes and morphologies of the resulting
products were studied by
microscopy (TEM, TECNAI F20S-TWIN) and field
emission scanning electron microscopy (FE-SEM,
HITACHI S-4800). The luminescent spectra of the solid
samples were recorded on HITACHI F-4500 spectro-

photometer at room temperature.

transmission electron

2 Results and discussion

2.1 Structure characterization

When the reaction time fixed at 6 h, the XRD
patterns of the as-obtained products from NaBF, or
K,SiFg have been measured. Fig.1la shows the XRD of
the sample obtained with a molar ratio of La(NO;);-
6H,0 to NaBF, as 1:0.75 and 1:2, respectively. All
diffraction peaks can be easily indexed to pure and
hexagonal crystalline phase LaF; with a P3cl space
group, which are in agreement with values of the
(PDF  No.32-0483). However, the

diffraction peaks obtained from n | -/n . as 1:2 are

standard card

much sharper than the product obtained from 1:0.75.
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According to Scherrer equation, it is clearly indicated
that the product crystallinity improved and particle
size increased with the increasing of molar ratio of
starting materials. K,SiFg, another inorganic complex
fluoride, is also used as fluoride source to synthesize

Laks. Laks; is prepared when setting molar ratio of n, -
Ingg- as 1:0.5 or 1:2. Fig.1b shows the XRD pattern of

the as-synthesized product obtained after 6 h of

Relative intensity (a.u.)

reaction time. All diffraction peaks of the product are
perfectly indexed to the hexagonal phase of Lal; (PDF
No.32-0483). No peak of impurities is observed,
confirming the formation of pure LaF;. From Fig.1, it

clearly reveals that the varying molar ratio of n +/n
and n | +/n g has no great effect on the crystalline

phase, no phase transition occurs.
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Fig.1

2.2 Morphology characterization

Fig.2a~b displays the SEM images of the product
with the molar ratio of La(NOs);-6H,0 to NaBF, of 1:
0.75 after reaction for 6 h. The low magnification SEM
image (Fig.2a) indicates that the as-synthesized sample

Mo
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XRD patterns for the as-prepared LaF; and Th* (or Eu*) doped LaF; samples after reaction for 6 h

consists of a large quantity of uniform hexagonal
nanoplates with well-defined crystallographic facets.
The magnified SEM image (Fig.2b) shows that the
general morphology of the as-prepared Lak; consists of
highly dispersed hexagonal plates with an average edge

Fig2 SEM and TEM images of the Lak; prepared from NaBF, (n, »/n,, =1:0.75) in

different periods of time: a~c (6 h), d~f (12 h)



1174 Jd Hl fk

%527 %

A

length of 200 nm and a thickness of 20 nm. Fig.2¢
shows the TEM image of LaF; nanoplates. Some
nanoplates appear rod-like because they do not lie
tightly on the TEM grid and either lie flat on the faces
or stand on the edges. When the reaction time is
increased to 12 h, while other reaction conditions are
kept identical, SEM and TEM (Fig.2d~f) images show
the as-obtained products are also hexagonal nanoplates,
the morphologies and the dimension of the products
have no great changes. These results suggest that the
reaction time is not a significant factor during the
reaction process except that increasing the yield of the

product.

200 nm 100 nm

In order to investigate the effect of fluoride source,
K,SiFs is used instead of NaBF, to synthesize LaF; by
an identical procedure. LakF; solids are obtained from

the reaction of La(NO5);+6H,0 with K,SiF (nl,;‘/”smi:l:
0.5) after 6 h. SEM and TEM images show that only

uniform bundles-like morphologies with length of ca.
400 nm and width of 200 nm, are observed for these
(Fig.3a ~b). The magnified SEM and TEM
images reveal that the surfaces of the bundles are not
(Fig.3¢ ~d).
When the reaction time is prolonged to 12 h, the as-

products
smooth and made of small nanocrystals

prepared LalF; kept the bundle-like morphology as

shown in the SEM and TEM images (Fig.3e~f).

200 nm

Fig.3 SEM and TEM images of the Lal; prepared from K.Sik (n, -/ng;>=1:0.5) in
different periods of time: a~d (6 h), e~f (12 h)

2.3 Effect of reaction parameters

To obtain a better understanding of the effect of
reaction parameters, a series of experiments are carried
out to investigate the detailed information, such as
molar ratio of starting materials, reaction time and
temperature. Firstly, the molar ratio of reactants is
investigated. As shown in Fig.la, when fixing the molar

ratio of n | »/n - as 1:0.75 and reacting for 6 h, the

diffraction peaks of the as-obtained LalF; are much

sharper than the product from n, -/ny-=1:2. Therefore,

it is believed that the product crystallinity improves and
grain size increases with the increasing of molar ratio of
the reactants. The corresponding SEM images of the
product (n /ny-=1:2) are shown in Fig4a~b. The

morphologies of the as-prepared LaF; also exhibit as

hexagonal plates, but the edges are not smooth and the
size is different from each other. Further increasing the

molar ratio of n, oIng: to 1:4, or 1:3, respectively, the

products are hexagonal plates with similar morphology
and size to that sample prepared with the molar ratio of

n, /g as 1:2. Meanwhile, varying the molar ratio of
n, /nge does not have any effect on the crystalline

phase of the products. Secondly, as shown in Fig.2 and
Fig.3, the time-dependent experiments results indicate
that the reaction time has no significant influence on
the crystalline phase and the shape of the as-prepared
LaFs. Thirdly, it is noted that the reaction temperature
plays no important role in the formation of LaF; plates
or bundles. In order to validate it, a series of contrastive

experiments were conducted to fabricate LaF; at 60 C
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or 120 °C when fixing the molar ratio of n, +/n - as 1:

0.75, consequently, the corresponding product is
similar in shape and displays as hexagonal nanoplates.
Furthermore, Fig.1la~b show the XRD patterns of 5
mol% Eu’* or Th**doped LaF; samples prepared from
NaBF, (n +/ny:-=1:0.75) and K:SiFs (n, »/ng,»=1:0.5)

after reaction for 6 h are characterized. The average
(111), (302) and
(221) diffraction peak using the Scherrer equation is

crystallite size calculated from the

about 25 nm. The broadening of the diffraction peaks
indicates that the sizes of the doped LakF; nanocrystals
synthesized by our approach are at the nanoscale. For
the lanthanide contraction effects, the diameter of Eu**
or Th* is smaller than La*, therefore, the doping of Eu*
or Th** has no obviously effects on the nanocrystalline
nature of the samples, as shown in Fig.la ~b. The
morphologies and dimensions of Eu* or Th**doped Lal;
samples are similar with those of pure Lal;
nanocrystals.
2.4 Possible formation mechanism

BF,+3H,0 — H;BOs+3HF+F-

SiF¢+3H,0 — 2F+H,Si0s+4HF

Ln*+3F- — LnF;

1)
(2)
3

40+

354 @

30
5mol% Eu**-doped LaF,

254

20

Relative intensity / a.u.

22, . 2296y

(ﬂu“/’lm‘j:l:z) after for 6 h

The use of NaBF, and K,SiFs plays a critical role
in obtaining LaF; crystal structures. The Eqs(1~3) have
been reported earlier. It is known that NaBF, (or K,SiF¢)
yields F~ by hydrolysis of BF,” (or SiF¢"), and then F-
ions react with Ln* to form LnF;. In the current study,
it is obvious that the morphology of Lal; can be
the

sources. The detailed formation of mechanism and the

controllably ~synthesized by varying fluoride
unique role of NaBF, and K,SiFg in determining Lnk;
(Ln=Y, Eu, Sm) structures have been investigated
14720 NaBF, and KySiFg and their decomposed
products could be absorbed onto the surfaces of Laks
seeds, facilitating the preferential growth of some
As a LaF;,

nanocrystals with different morphologies (plates and

specific  crystalline  planes. result,
bundles) have been synthesized by varying the fluoride
source (NaBF, and K,SiFy).
2.5 Luminescence properties

The room-temperature emission spectra for 5
mol% Eu** or Th**-doped LaF; samples, prepared from
NaBF, (n, +/ny: =1:0.75) and KySiFs (n, /nge=1:0.5) in
a period of 6 h, are shown in Fig.5. For Eu*doped Lak,

when the samples are exc ited at 397 nm, the

(b)

5mol% Tb*-doped LaF,

Relative intensity / a.u.

550 600 630 700 730
Wavelength / nm

450 500 530 600 630
Wavelength / nm

Fig.5 PL spectra of the 5mol% Eu*-doped LaF; (a) and Th*-doped LaF; (b)
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corresponding emission peaks are observed at 592, 615,
651 and 692 (698) nm. They originated from the
transitions between the °D, excited-state and the 7F; (J=
1,2, 3,4) ground states of Eu** ion""®. Meanwhile, for
Th**doped LaFs, 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.5a~b, although the major
peaks in the emission spectra of these samples are
identical, the emission intensity is different. Normally,
these differences in the PL spectra can be caused by
factors such as the extent of crystallinity, morphology,
size distribution, homogeneity and dimension of the

luminescent material.
3 Conclusions

Via a simple room-temperature solution route,
hexagonal phased LaF; with different morphologies
(nanoplates and bundles) have been synthesized by
employing NaBF, and K,SiFs as fluoride sources.
Fluoride sources and molar ratio of reactants play
crucial roles on the formation of different morphologies
for products. The photoluminescent properties of Eu* or

Th* doped LaF}; crystals have been investigated.
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