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Abstract

Rhombohedral- and tetragonal-lanthanum oxyfluoride (LaOF) powders were prepared by thermal decomposition of lanthanum(III)

carbonate fluoride (LaFCO3) powders that had been obtained from boiling an aqueous solution containing lanthanum(III) salt, fluoride

ion (F�), and urea. The conversion process of LaFCO3 to LaOF was monitored by thermogravimetry, powder X-ray diffraction, and
19F magic-angle spinning nuclear magnetic resonance spectroscopy. The crystal structure (rhombohedral, tetragonal) of LaOF depended

on the mole ratio of F� to La3þ ions in the preparation of LaFCO3, and tetragonal-LaOF was completely transformed into

rhombohedral-LaOF at 1000 1C. The difference in crystal structures was reflected in the intensity of the 5D0-
7F0 transition peak in the

luminescence spectra of Eu3þ -doped LaOF powders.

& 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Lanthanum oxyfluoride (LaOF) has attracted extensive
interest as a host material of phosphors [1–9], a catalyst for
oxidative coupling of methane [10], and a solid electrolyte
[11,12]. LaOF powders and thin films have been prepared
by various methods, including solid-state reaction between
lanthanum oxide (La2O3) and lanthanum(III) fluoride (LaF3)
[10–15] or ammonium fluoride (NH4F) [8,16], ball milling
and calcination of a mixture of La2O3 and polytetrafluor-
oethylene [17,18], annealing of LaF3 in air [1,2,6], sol–gel
method [3,4,9], decomposition of lanthanum(III) trifluoroa-
cetate in boiling oleylamine [5], and thermal decomposition
of lanthanum(III) carbonate fluoride (LaFCO3) in air [7].
Two room-temperature crystal structures of LaOF, rhombo-
hedral and tetragonal [19], can be controlled by the annealing
temperature [3,6,7] and/or the mole ratio of F� to La3þ ions
in the precursors [8,12,16]. To date, the two crystal structures
of LaOF powders have usually been identified by powder
X-ray diffraction (XRD), but their discrimination by XRD is
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often ambiguous because of the similarity in their XRD
patterns. Furthermore, it is impossible to identify the crystal
structure of low-crystalline and/or nanosized LaOF powders
by XRD due to their broad diffraction peaks [5,9,13]. Hölsä
et al. showed that the change in the crystal structure of LaOF
was accompanied by significant modifications in the Raman
and infrared spectra [16].
In this study, LaOF powders were obtained by thermal

decomposition of LaFCO3 powder, which was previously
prepared from boiling an aqueous solution containing
lanthanum(III) salt, F� ion, and urea while varying the
mole ratio of F� to La3þ ions. The resulting powders were
characterized by powder XRD and 19F magic-angle spin-
ning nuclear magnetic resonance (MAS NMR) spectro-
scopy. To the best of our knowledge, this is the first report
on characterization of LaOF powders by 19F MAS NMR
spectroscopy. Recently, Janka and Schleid prepared LaOF
by thermal decomposition of LaFCO3 powders, which had
been obtained from a mixture of lanthanum(III) salt,
F� ion, and NaHCO3 (in mole ratio of 1:1.3:1.3) in aqueous
solution [7]. The luminescence spectrum of the dopant ion,
such as Eu3þ , can be used to probe its local environment
in the host crystal environment. The luminescence spectra
ll rights reserved.

www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.07.103
www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.07.103
dx.doi.org/10.1016/j.ceramint.2012.07.103
dx.doi.org/10.1016/j.ceramint.2012.07.103
mailto:wsjung@yu.ac.kr


D
iff

er
en

tia
l t

em
pe

ra
tu

re
 (

g)

W
eight (%

) 

(A) 

200 400

75

80

85

90

95

100

-0.4

-0.2

0.0

(B) 

(A) 
(B) 

600 800

Fig. 1. TG (solid line) and DTA (dotted line) curves of LaFCO3 powders

obtained from (A) 1:1 and (B) 1.3:1 (in mole ratio) mixtures of F� to

La3þ ions.
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of Eu3þ -doped LaOF (LaOF:Eu3þ) powders were also
measured to investigate the difference of the crystal
structure of LaOF.

2. Experimental procedure

2.1. Synthesis of LaFCO3 (A) and (B)

All starting materials, La(NO3)3 � 6H2O (99.9%),
Eu(NO3)3 � 5H2O (99.9%), NH4F (499.99%), and urea
(99.0%), were purchased from Sigma-Aldrich Co. A
solution of NH4F (0.741 g, 2.00� 10�2 mol) in 50 mL
H2O was added to a solution of La(NO3)3 � 6H2O
(8.660 g, 2.00� 10�2 mol) in 20 mL H2O, followed by
the addition of urea (2.402 g, 4.00� 10�2 mol). The mixed
solution was boiled for 15 h. The precipitate was separated
by centrifugation, washed with distilled water, and then
dried in an oven. The product is referred to as LaFCO3

(A). When the amount (0.962 g, 2.60� 10�2 mol) of NH4F
(0.962 g, 2.60� 10�2 mol) was used in the aforementioned
procedure, the product is referred to as LaFCO3 (B).

2.2. Synthesis of rhombohedral- and tetragonal-LaOF

powders

LaOF powders were obtained by thermal decomposition
of LaFCO3 powders for 5 h in the temperature range
between 500 and 1000 1C. The samples obtained by thermal
decomposition of LaFCO3 (A) and LaFCO3 (B) powders at
T 1C are referred to as A-T and B-T, respectively.

2.3. Synthesis of LaOF:Eu3þpowders

LaOF:Eu3þpowders were obtained by thermal decompo-
sition of LaFCO3:Eu

3þ powders, which were prepared in the
same way as LaFCO3 powders except that Eu(NO3)3 � 5H2O
(4 mol%) was added to the solution of La(NO3)3 � 6H2O.

2.4. Product characterization

The thermogravimetric (TG) and differential thermal
analysis (DTA) curves of LaFCO3 were recorded on an
SDT Q600 apparatus (TA Instruments) at a heating rate of
10 1C/min. The product powders obtained by thermal
decomposition of LaFCO3 powders were characterized by
powder XRD with a PANalytical X’Pert PRO MPD X-ray
diffractometer with Cu-Ka radiation operating at 40 kV and
30 mA and by high-resolution 19F MAS NMR spectroscopy.
The NMR spectra were measured at ambient temperature
with a radio frequency of 564.5 MHz on a Unity INOVA 600
spectrometer. The samples were spun at 23 or 30 kHz.
The chemical shifts (d) were referenced to CFCl3 at 0 ppm.
The morphology of the product powders was investigated
by scanning electron microscopy (SEM, Hitachi S-4200).
The luminescence spectra of LaFCO3:Eu

3þ and LaOF:Eu3þ

powders were measured at ambient temperature on a JASCO
FP-6500 spectrofluorometer with a xenon lamp.
3. Results and discussion

3.1. Synthesis and characterization of LaOF

The TG curves of LaFCO3 (A) and (B) indicated that
the weight sluggishly decreased with increasing tempera-
ture up to ca. 300 1C and then abruptly decreased at ca.

400 1C (Fig. 1). The first sluggish step was attributed to the
loss of occlusion water [7], and the second abrupt step to
the reaction LaFCO3-LaOFþCO2, resulting in a theo-
retical weight loss of 20.2 wt%. The total weight losses for
LaFCO3 (A) and (B) were determined to be 21.8 and
18.7 wt%, respectively. The lower weight loss for LaFCO3

(B) was due to the involvement of a small amount of LaF3

(see below), which was transformed into LaOF with a
theoretical weight loss of 11.2 wt%. The weight remained
almost constant above 500 1C for both samples. The mole
ratio of F� to La3þ ions in the preparation of LaFCO3 (B)
was the same as that of LaFCO3 in the Janka and Schleid’s
method [7]. The total weight loss for the former LaFCO3

was similar to that for the latter LaFCO3, whereas for
LaFCO3 (B) the step with a small weight loss of about 1%
was not observed between 500 and 550 1C, as shown in
Fig. 1(B). The DTA curves in Fig. 1 indicated that the
endothermic peak for LaFCO3 (A) appeared at the higher
temperature than that for LaFCO3 (B).
Fig. 2 shows the XRD patterns of samples obtained by

thermal decomposition of LaFCO3 (A) and (B) powders
for 5 h in air at various temperatures. The XRD patterns
of LaFCO3 (A) and (B) powders corresponded to LaFCO3

(ICDD-PDF ]98-000-9727) and a mixture of LaFCO3 and
LaF3 (ICDD-PDF ]98-001-7194), respectively. The XRD
pattern corresponding to LaF3 was not observed for the
LaFCO3 powder obtained by Janka and Schleid [7]. The
XRD patterns of A-500 and B-500 were very similar except
for the very weak diffraction peaks observed at 2y¼40.31
and 37.81 for A-500 and B-500, respectively. The XRD
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Fig. 2. XRD patterns of samples obtained by thermal decomposition of LaFCO3 (A) and (B) powders for 5 h in air at various temperatures. (�) LaF3.
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patterns of A-800 and B-800, in which all diffraction peaks
became narrower and more distinct than those of A-500
and B-500, were assigned to rhombohedral- (ICDD-PDF
]01-075-1174) and tetragonal-LaOF (ICDD-PDF ]01-089-
5168), respectively. It is evident from these results that the
crystal structure of LaOF depends on the mole ratio of
F� to La3þ ions in the preparation of LaFCO3. Hölsä
prepared rhombohedral- and tetragonal-LaOF powders by
the solid state reaction between La2O3 and NH4F, at mole
ratios of 1:2 and 1:42, respectively, at 1050 1C in static
ambient atmosphere [8]. The XRD pattern of B-1000 was
the same as that of A-1000, indicating that tetragonal-
LaOF was completely transformed to rhombohedral-
LaOF at 1000 1C, a transformation temperature that was
different from that for other reaction systems [3,6,7].

The thermal decomposition products of LaFCO3 were
also characterized by 19F MAS NMR spectroscopy (Fig. 3).
The 19F MAS NMR spectrum of LaFCO3 (A) exhibited
one broad peak at 8 ppm. There are two different F� sites in
the bastnaesite-type LaFCO3 [7]. The geometric structure
around both F� ions, which are threefold coordinated by
La3þ , shows a subtle difference, resulting in the irresolution
of NMR peaks corresponding to two different F� ions. The
19F MAS NMR spectrum of LaFCO3 (B) was similar to that
of LaFCO3 (A) except that an additional peak was observed
at d �31 ppm. The additional peak was assigned to the
F1 site, which is the most abundant site of three different
F� sites in the tysonite-structured LaF3 [20]. The other two
19F peaks of LaF3 were observed as a shoulder on the high-
frequency side of the 19F peak of LaFCO3.

The intense peak at d �29 ppm in the NMR spectra of
A-500, A-800, and A-1000 was assigned to four F� ions
coordinated to La3þ ion in rhombohedral-LaOF. The
appearance of the weak peak at d �38 ppm in the NMR
spectrum of A-500 could not be deduced from the similarity
in the XRD patterns of A-500 and A-800 (or A-1000). This
weak peak, the chemical shift of which was similar to that
of the normal F� sites in tetragonal-LaOF, may be
assigned to F� sites in the distorted rhombohedral-LaOF
structure. The crystal structure of LaOF can be considered
as derived from that of the CaF2 (fluorite) system by the
resemblance in their XRD patterns, a resemblance that is
most striking for the tetragonal-LaOF [8,19]. Therefore,
the 19F MAS NMR spectrum of tetragonal-LaOF was
expected to resemble that of CaF2. Wang and Grey
observed four distinct peaks in the 19F MAS NMR spectra
of defect CaF2 with F� ion excess and assigned the peaks
to three different types of sites including the interstitial
sites [21]. The NMR spectra of B-500 and B-800 were
similar in that three peaks were observed at d �21, �29,
and �39 ppm. As shown in Fig. 4, the deconvolution
analysis using Gaussian peak components gave relative
populations of three peaks: 0.04:0.22:0.74 for B-500 and
0.02:0.08:0.90 for B-800. The decreased intensities of the
two peaks at the higher frequency with increasing tem-
perature indicated that the peaks were due to excess F�

ions that occupy interstitial sites in nonstoichiometric
tetragonal-LaOF structure [22], as for F� ion-excess
CaF2. Interestingly, the

19F MAS NMR spectra of tetra-
gonal-LaOF and CaF2 showed two common characteris-
tics: the peaks corresponding to excess F� sites were high-
frequency shifted relative to the peak corresponding to the
normal F� sites and the difference in chemical shifts
between adjacent peaks was in the range of 8–10 ppm.
The spectrum of B-1000 was the same as that of A-1000,
which was in agreement with the results of their XRD
patterns.
The morphology of A-800 and B-800 was observed by

SEM. As shown in Fig. 5, the particles of A-800 were
homogeneously nanosized, despite being coalesced, with
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components (dotted lines).
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their average particle size of ca. 70 nm, while the particles
of B-800 were larger than those of A-800.

3.2. Luminescence properties of LaFCO3:Eu3þ and

LaOF:Eu3þ powders

There was no difference between the luminescence spectra
of LaFCO3 (A) and (B):Eu3þ powders. The spectrum
(Fig. 6(a)) of LaFCO3:Eu

3þ exhibited two distinct peaks at
592 and 616 nm, attributable to 5D0-

7F1 and 5D0-
7F2

transitions, respectively. The former peak was more intense
than the latter peak as for YF3:Eu

3þ [23] and LaF3:Eu
3þ [24],
indicating the inversion symmetry of the Eu3þ site. The peak
corresponding to the 5D0-

7F0 transition was negligibly weak
because the transition is allowed only for Cs, Cn, and Cnv

symmetries [8]. Fig. 6 (b) and (c) show the luminescence
spectra of rhombohedral- and tetragonal-LaOF:Eu3þ , respec-
tively. The spectra were in accord with those [3,6,8] reported
earlier, indicating that the Eu3þ ions occupied sites with the
symmetries C3v and C4v in rhombohedral- and tetragonal-
LaOF:Eu3þ , respectively. The low intensity of the 5D0 -

7F0

transition peak for rhombohedral-LaOF:Eu3þ can be
explained by the effect of the Td pseudosymmetry for the
Eu3þ site [8].
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Fig. 5. SEM images of (a) rhombohedral- and (b) tetragonal-LaOF powders obtained at 800 1C.
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4. Conclusions

This study results demonstrated that 19F MAS NMR
spectroscopy is a powerful tool to identify the crystal
structure of LaOF powders. The LaOF powders were
prepared by thermal decomposition of LaFCO3 powders
which had been obtained from boiling an aqueous solution
containing lanthanum(III) salt, F� ion, and urea. LaFCO3

was thermally decomposed into LaOF around 500 1C and
the crystal structure (rhombohedral, tetragonal) of LaOF
depended on the mole ratio of F� to La3þ ions in the
preparation of LaFCO3. The tetragonal-LaOF was com-
pletely transformed into rhombohedral-LaOF at 1000 1C.
The difference in crystal structures was reflected in the
luminescence spectra of the Eu3þ -doped LaOF powders.
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