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Controllable synthesis of NH4Eu3F10 nanospheres
and application in bioimaging†

Zhiyang Zhang,a Xiaoyan Ma,a Zhiming Chen,ab Kuaibing Wang,ac Yidan Wang,a

Zhirong Geng*a and Zhilin Wang*a

Cubic phase NH4Eu3F10 nanospheres with controllable sizes were synthesized via a modified

hydrothermal route by varying the dosage of ammonium hydroxide solution. Dependence of structure

and morphology on the dosage of ammonia water and reaction time were investigated by X-ray powder

diffraction (XRD) and transmission electron microscopy (TEM). Being unstable, NH4Eu3F10 decomposed

into EuF3 and NH4F during the long-time hydrothermal treatment. EDTA, as the chelation agent of Eu3+

and the capping ligand on the surface of as-obtained nanospheres, showed different chelating abilities

depending on the dosage of ammonium hydroxide solution. Increasing the amount of ammonia not only

decreased the effective concentration of Eu3+, but also decelerated the growth of NH4Eu3F10 nano-

spheres and stabilized them by reducing the surface energy. Given the satisfactory hydrophilicity, bio-

compatibility, and luminescence, the as-obtained nanospheres were applied as promising agents for cell

imaging by presenting high contrast.
Introduction

Recently, photoluminescence nano- and micro-materials of
rare-earth fluorides have attracted considerable interest due
to their unique luminescence properties originating from f–f
electronic transitions within 4f electrons of rare-earth ions.
As a familiar host matrix, rare-earth fluorides provide low
nonradiative relaxation and high quantum efficiency by having
low vibrational energies.1,2 Compared with conventional lumi-
nescent probes such as organic fluorescent dyes and quantum
dots, rare-earth fluorides exhibit higher photostability and
chemical stability.3 In addition, rare-earth fluorides are bio-
compatible, thus making them applicable to bioimaging, bio-
chemical probing, and drug delivery, etc.4–9

Up to now, an important family of rare-earth fluorides,
MLn3F10 (M = alkali metal and Ln = rare earth), such as
KYb3F10, RbGd3F10 and CsYb3F10, etc.,
10–13 have been studied.

Generally, the formation of MLn3F10 depends strongly on the
size of cation.14 For instance, Vedrine et al.15 proposed that
cubic RbLn3F10 was obtained only in the narrow range of
1.41 < R < 1.49 (R = rM+/rLn3+). You et al.16 reported that
LnF3 usually formed for larger rare earth cations (La3+, Pr3+

and Nd3+), RbLn2F7 was obtained in the case of smaller cat-
ions (Yb3+ and Lu3+), and RbLn3F10 formed only in the range
of 1.42 < R < 1.55 which was close to the result reported by
Vedrine.15 The ionic radius (Pauling) of NH4

+ is 1.48 Å which
is comparable with those of K+ (1.33 Å) and Rb+ (1.48 Å).17

Thus, NH4Ln3F10 are bound to form following the same rules
as the similarly structured fluorides. Liang et al.18 synthe-
sized a series of NH4Ln3F10 (Ln = Gd, Tb, Dy). LnF3 (Ln = La,
Ce, Nd, Pr, Sm, Eu) was obtained for the larger cations, and
NH4Ln2F7 (Ln = Y, Ho, Er, Tm, Yb, Lu) formed when the
cations were smaller. The results are similar to those of
RbF–LnF3 in a previous report.16 Kang et al.17 synthesized
NH4Ln3F10 (Ln = Dy, Ho, Y, Er, Tm), and further pointed out
that larger rare earth cations tended to form LnF3 (Ln = La,
Nd, Eu, Gd) instead of NH4Ln3F10 by being highly unstable.
In addition, these as-prepared NH4Ln3F10 were prone to
decomposition at high temperature. The ionic radius of Eu3+

is larger than that of Gd3+ which is the largest rare earth
cation forming NH4Ln3F10 to date, thus rendering NH4Eu3F10
difficult to prepare as larger rare earth cations are more
unstable. To the best of our knowledge, pure NH4Eu3F10 has
never been successfully synthesized, and most NH4Ln3F10
available hitherto are not in uniform nano-sizes. Therefore,
oyal Society of Chemistry 2014
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fabricating NH4Eu3F10 nanoparticles with controlled size is
significant. Herein we synthesized cubic phase NH4Eu3F10
nanospheres through a modified hydrothermal route we have
reported previously.19

In this paper, for the first time, cubic phase NH4Eu3F10
nanospheres with controlled sizes were synthesized based on
a modified hydrothermal method by varying the amount of
ammonia. Dependence of the products on the concentration
of ammonium hydroxide solution was studied systematically.
A rational theory was proposed to explain the variation of
products induced by varying the amount of ammonia. Ammo-
nia affected the deprotonation and chelation of EDTA, which
influenced the growth rate of nanoparticles by affecting
the effective concentration of Eu3+. Besides, the pH value,
which determined the capping ligands on the surface of
as-prepared nanospheres, was also varied by changing the
amount of ammonia. Sizes of NH4Eu3F10 nanospheres can
also be adjusted by varying the dosage of ammonia after reac-
tion for 1 h. Being luminescent, biocompatible and hydro-
philic, the small-sized as-prepared nanospheres are particularly
suitable for cell imaging in vitro.

Experimental
Preparation of NH4Eu3F10 nanospheres

NH4Eu3F10 nanospheres were prepared by the following
procedures. Eu2O3 (176 mg) was dissolved in 5 mL of nitric
acid solution (1 M) and with addition of 2 mL of ammonium
hydroxide solution (1 M), 5 mL of oleic acid, and 5 mL of
absolute ethanol to obtain solution A. Then the solution was
dispersed by sonolysis for 5 min. Solution B was obtained by
dissolving 500 mg EDTA and 200 mg NH4F in 9.1 mL of
ammonium hydroxide solution (1 M). Solutions A and B were
mixed and added to 5 mL of absolute ethanol. After
ultrasonication for 5 min, the mixture was transferred into a
50 mL Teflon-lined stainless steel autoclave and heated at
110 °C for 8 h. After the autoclave was cooled to room
temperature in a drying oven, white powder was collected by
centrifugation, washed with distilled water and absolute etha-
nol several times, and finally dried at 100 °C in air for 3 h.

Cytotoxicity assay

The cytotoxicity of NH4Eu3F10 was measured by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay against HeLa cells. HeLa cells were seeded in
96-well plates at 2 × 104 cells per well in culture medium and
incubated for 12 h, to which were then added different quan-
tities of the as-obtained NH4Eu3F10 nanospheres. The cells
were subsequently incubated for 24 or 48 h. Thereafter, 20 μL
of MTT (final concentration: 5 mg mL−1) was added to these
wells, and then the mixture was incubated for another 4 h.
After replacing the culture medium with dimethyl sulfoxide
(DMSO), the absorbance of MTT formazan was monitored at
570 nm using an automatic enzyme-linked immunosorbent
assay plate reader. The cytotoxicity was manifested as the
percentage of cell viability.
This journal is © The Royal Society of Chemistry 2014
Confocal laser fluorescence microscope (CLFM) imaging
in vitro

In a typical procedure, 2 × 104 human cervical cancer cells
(HeLa cells) were plated in a 35 mm Petri dish overnight until
attachment. Then the cells were washed with phosphate-
buffered saline (PBS) twice, and incubated in a culture
medium containing 100 μg mL−1 NH4Eu3F10 nanospheres for
0.5–48 h at 37 °C under 5% CO2. After being washed with
PBS several times to remove excess materials, the cells were
observed under a confocal laser fluorescence microscope at
the excitation wavelength of 405 nm.

Characterizations

X-ray powder diffraction (XRD) of the products were mea-
sured by a Bruker D8 Advance instrument with Cu Kα radia-
tion (λ = 0.15406 nm) in the 2θ range from 15 to 80°.
Morphologies of the as-prepared samples were observed
with an Hitachi S-4800 field-emission scanning electron
microscope (FE-SEM). Transmission electron microscopy
(TEM) was measured on a JEM-1011 instrument microscope
at an acceleration voltage of 100 kV. Down-conversion lumi-
nescent spectra were captured on a Hitachi F-4600 lumines-
cence spectrometer. Infrared spectroscopic analysis was
carried out by using a Bruker IR vector22 infrared spec-
trometer. Fluorescence microscope images were acquired on
a Zeiss LSM 710 confocal laser fluorescence microscope.
X-ray photoelectron spectroscopy (XPS spectra) was obtained
on Thermo Scientific K-Alpha equipment, and the binding
energy was referred to the C 1s photoelectron peak.

Results and discussion

NH4Eu3F10 nanospheres were prepared by a modified hydro-
thermal treatment in the presence of 9.1 mL of 1 M ammo-
nium hydroxide solution in solution B (also the amounts of
ammonium hydroxide solution below). The product was char-
acterized by XRD, TEM and SEM (Fig. 1). XRD patterns of the
as-obtained product shown (Fig. 1a) can be assigned to cubic
phase NH4Eu3F10.

17,18 TEM (Fig. 1b) and SEM (Fig. 1c)
images reveal that the NH4Eu3F10 nanospheres were mono-
disperse with an average diameter of 114.5 ± 18.5 nm.
Rietveld refinement on the finely scanned XRD patterns of
the as-prepared sample confirmed that the NH4Eu3F10
nanospheres crystallized in the cubic NH4Y3F10 structure type
(Rp = 0.059, Rwp = 0.11). The lattice constants of cubic
NH4Eu3F10 are a = b = c = 11.63696 Å. As NH4Eu3F10 is
isostructural with the cubic NH4Y3F10, they should share the
same space group of Fm3̄m.20,21

The dependence of crystal structure and morphology of
the as-prepared europium fluorides on the amount of ammo-
nium were studied simultaneously. Fig. 2a shows the XRD
patterns of the products derived from the mother liquor
containing 6.0 mL of 1 M ammonium hydroxide solution.
The diffraction peaks can be indexed to hexagonal phase
EuF3 (JCPDS 32-0373). With 6.5 mL of ammonia, cubic phase
CrystEngComm, 2014, 16, 1296–1303 | 1297
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Fig. 1 (a) XRD patterns of as-prepared NH4Eu3F10 nanospheres,
(b) and (c) TEM and SEM images of products, respectively.

Fig. 2 XRD patterns of products prepared at 110 °C for 8 h with
different amounts of ammonium hydroxide solution (a) 6.0 mL, (b) 6.5 mL,
(c) 7.0 mL, (d) 7.5 mL, (e) 8.0 mL and (f) 8.5 mL.

Fig. 3 TEM images of products at 110 °C for 8 h with different
amounts of ammonium hydroxide solution: (a) 6.0 mL, (b) 6.5 mL,
(c) 7.0 mL, (d) 7.5 mL, (e) 8.0 mL and (f) 8.5 mL.
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NH4Eu3F10 appeared (Fig. 2b), which increased as the ammo-
nia amount was elevated (Fig. 2c–f). Upon addition of 9.1 mL
of ammonium hydroxide solution, pure cubic phase
NH4Eu3F10 was obtained as presented in Fig. 1a.

Fig. 3 and Fig. 4 show the TEM and SEM images of
corresponding products. Only hexagonal prisms assigned to
hexagonal phase EuF3 were observed (Fig. 3a and Fig. 4a).19

Hexagonal prisms gradually reduced with increasing amounts
of ammonium hydroxide solution (Fig. 3b–f and Fig. 4b–f),
and nanospheres assigned to the cubic phase NH4Eu3F10
increased until few hexagonal prisms remained.

Curves a and b show the XPS spectra of as-obtained EuF3
and NH4Eu3F10 respectively (Fig. 5). No nitrogen was detected
in EuF3 samples. Compared with that of EuF3, the nitrogen
1298 | CrystEngComm, 2014, 16, 1296–1303
content of NH4Eu3F10 was higher, and the peaks of Eu 3d5/2
spectrum slightly negatively shifted, which can be ascribed
to the variation of electron cloud density on Eu3+ due to the
difference between the bonds of Eu–F in EuF3 and
NH4Eu3F10.

22–25 The results resemble those of EuF3:Tb
3+ and

EuF3:Tb
3+/NH4

+ hollow sub-microstructures we previously
reported.26 The ratio of N, Eu and F detected by XPS is 3.7 :
11.0 : 31.4, which is approximate to the stoichiometric ratio
1 : 3 : 10 of NH4Eu3F10, and further confirms the preparation
of NH4Eu3F10.

Time gradient experiments indicate that the initial
product was cubic phase NH4Eu3F10, and hexagonal phase
EuF3 which appeared more stable when the reaction time
was prolonged. With 5.5 mL of ammonia, the as-prepared
sample was NH4Eu3F10 after being treated hydrothermally for
1 h (Fig. 6a). EuF3 appeared after 2 h of reaction (Fig. 6b),
which increased with elapsed reaction time (Fig. 6c and d).
Pure hexagonal phase EuF3 was obtained when the reaction
was prolonged to 8 h (Fig. 6e). Raising the dosage of ammo-
nium hydroxide solution to 9.1 mL led to similar results.
NH4Eu3F10 predominated in the first 12 h, (Fig. 7a–e), and
EuF3 appeared after 13 h treatment (Fig. 7f). More EuF3 was
detected as the reaction was prolonged (Fig. 7g and h). As a
result, in our synthetic system, NH4Eu3F10 which formed at
first was prone to decomposition and transformation into
hexagonal phase EuF3 during the long hydrothermal treat-
ment time. The amount of ammonium hydroxide solution
This journal is © The Royal Society of Chemistry 2014
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Fig. 4 SEM images of products at 110 °C for 8 h with different
amounts of ammonium hydroxide solution: (a) 6.0 mL, (b) 6.5 mL,
(c) 7.0 mL, (d) 7.5 mL, (e) 8.0 mL and (f) 8.5 mL.

Fig. 5 XPS spectra of N and Eu for (a) EuF3 and (b) NH4Eu3F10.

Fig. 6 XRD patterns of products prepared in 5.5 mL of ammonium
hydroxide solution for (a) 1 h, (b) 2 h, (c) 3 h, (d) 5 h, and (e) 8 h.

Fig. 7 XRD patterns of products prepared in 9.1 mL of ammonium
hydroxide solution for (a) 2 h, (b) 4 h, (c) 6 h, (d) 9 h, (e) 12 h, (f) 13 h,
(g) 14 h, and (h) 20 h.
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may stabilize NH4Eu3F10 by affecting the deprotonation of
EDTA and oleic acid.

In order to evaluate the influence of EDTA and oleic acid
on the final structures, samples were prepared by removing
EDTA or oleic acid from the reaction system. NH4Eu3F10 or a
mixture of cubic phase NH4Eu3F10 and orthorhombic phase
EuF3 was obtained with 5.5 mL of ammonium hydroxide
solution after 1 h of hydrothermal treatment without oleic
acid or EDTA, respectively (Fig. S1†). Hence, we speculated
that EDTA mainly accounted for the stability of NH4Eu3F10.
EDTA chelated Eu3+ in our system, which not only controlled
the growth of NH4Eu3F10 nanospheres by decreasing the
effective concentration of Eu3+, but also chelating on the
surface of NH4Eu3F10 nanoparticles, thus stabilizing the
nanoparticles by reducing the surface energy.

After 1 h of hydrothermal treatment with 5.5 mL of ammo-
nium hydroxide solution, NH4Eu3F10 nanospheres sized over
200 nm were produced (Fig. 8a), which failed to remain
intact after 2 h of reaction (Fig. 8b). Significantly more
incomplete nanospheres were discerned when the reaction
time was 3 h, with most of them being hollow (Fig. 8c).
Fig. 8 TEM images of products prepared at 5.5 mL of ammonium
hydroxide solution for (a) 1 h, (b) 2 h, (c) 3 h, (d) 5 h, and (e) 8 h.

CrystEngComm, 2014, 16, 1296–1303 | 1299
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According to our previous study,19 these hollow nanospheres,
which were hexagonal phase EuF3, were transformed to
hexagonal prisms with extended hydroxide treatment.

However, as the amount of ammonium hydroxide solution
was 9.1 mL in this study, NH4Eu3F10 nanospheres were
synthesized in the first 12 h (Fig. 9a–e). EuF3 hexagonal
prisms emerged when the reaction was prolonged to 13 h
(Fig. 9f), and no hollow EuF3 nanospheres formed before 24
h of reaction (Fig. 9h). With 5.5 mL of ammonium hydroxide
solution, NH4Eu3F10 nuclei formed in the beginning, and
primary NH4Eu3F10 particles aggregated to form nanospheres
during hydrothermal treatment. With prolonged reaction,
NH4Eu3F10 decomposed as self-sacrificed templates27 under
Fig. 9 TEM images of products prepared in 9.1 mL of ammonium
hydroxide solution for (a) 2 h, (b) 4 h, (c) 6 h, (d) 9 h, (e) 12 h, (f) 13 h,
(g) 14 h, and (h) 20 h.

1300 | CrystEngComm, 2014, 16, 1296–1303
hydrothermal conditions, and EuF3 hollow nanospheres formed
and transformed into EuF3 hexagonal prisms according to the
oriented attachment mechanism.28,29 When the amount of
ammonium hydroxide solution was raised to 9.1 mL, EDTA
was subject to deprotonation, which strengthened the chela-
tion between EDTA and Eu3+, and decreased the effective con-
centration of Eu3+ in the system. As a result, the reaction was
decelerated and the as-prepared NH4Eu3F10 nanospheres were
slowly enlarged in the first 6 h (Fig. 9a–c). Due to the effect of
strong EDTA chelation, the surface of NH4Eu3F10 nanospheres
dissolved during the long-time hydrothermal treatment, so the
size of as-prepared NH4Eu3F10 nanospheres decreased when
the treatment was prolonged to 12 h (Fig. 9e). Hitherto, no
EuF3 hollow nanospheres and hexagonal prisms were
discerned. Ligands capped on the surface of nanoparticles were
also influenced by pH.30 As the pH value increased, the
chelation between EDTA and Eu3+ was strengthened by an
increasing dosage of ammonium hydroxide solution. There-
fore, more EDTA chelated with Eu3+ on the surface of
NH4Eu3F10 nanospheres, which decreased the surface energy
of these nanoparticles, thereby further enhancing their thermo-
dynamic stability. Besides, the effective concentration of Eu3+

from dissolution of NH4Eu3F10 did not suffice for EuF3 nucle-
ation, thus ruling out hollow nanospheres or hexagonal prisms
of EuF3. Dissolution of NH4Eu3F10 nanospheres with extended
reaction eventually allowed EuF3 formation (Fig. 9f) based on a
dissolution–recrystallization process,31,32 and hollow EuF3
nanospheres appeared because NH4Eu3F10 decomposed owing
to the thermodynamic instability of the small particles (Fig. 9h).

When the amount of ammonium hydroxide solution
exceeded 9.1 mL, a mixture of cubic phase NH4Eu3F10 and
hexagonal phase EuF3 was obtained after being hydrother-
mally treated for 8 h (Fig. S2†). Strengthened EDTA chelation
promoted the dissolution of NH4Eu3F10, thus augmenting the
effective concentration of Eu3+ to the minimum one for EuF3
nucleation within a short time period. Therefore, excess
ammonium hydroxide solution also destabilized NH4Eu3F10.
In short, NH4Eu3F10 formed in the beginning and then
decomposed during the hydrothermal route. Nevertheless,
elevating the dosage of ammonium hydroxide solution not
only reduced the effective concentration of Eu3+, but also sta-
bilized NH4Eu3F10 nanospheres by decreasing the surface
energy. The NH4Eu3F10 nanospheres would be much more
stable during hydrothermal treatment when the amount of
ammonium hydroxide solution was increased reasonably.

The size of NH4Eu3F10 nanospheres was supposed to be
adjusted by changing the amount of ammonium hydroxide
solution during short-time hydrothermal treatment. After 1 h
of reaction, all the samples were cubic phase NH4Eu3F10
(Fig. 10). The products were monodisperse with an average
diameter of 300 ± 27 nm when 6 mL of ammonium hydroxide
solution was used (Fig. 11a), and the average diameter
decreased to 177 ± 23 nm with increasing ammonia dosage
to 7 mL (Fig. 11b). Nanospheres of diameters about 113 ± 23 nm
(Fig. 11c) were obtained when the amount of ammonia was
8 mL. As the dosage was further augmented to 9 mL, the
This journal is © The Royal Society of Chemistry 2014
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Fig. 10 XRD patterns of products prepared at 110 °C for 1 h with
different amounts of ammonium hydroxide solution (a) 6.0 mL, (b) 7.0 mL,
(c) 8.0 mL, and (d) 9.0 mL.

Fig. 11 TEM images of products prepared at 110 °C for 1 h with
different amounts of ammonium hydroxide solution (a) 6.0 mL, (b) 7.0 mL,
(c) 8.0 mL, and (d) 9.0 mL.

Fig. 12 IR spectra of NH4Eu3F10 nanospheres.
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diameter of the nanospheres reduced to 44 ± 11 nm after
being hydrothermally treated for 1 h (Fig. 11d).

Down-conversion luminescence spectra of NH4Eu3F10
nanospheres (Fig. S3†) were measured under room tempera-
ture. Upon excitation at 394 nm, the samples emitted intense
red light. Emission peaks at 592, 615, 652 and 701 corre-
spond to the 5D0–

7F1,
5D0–

7F2,
5D0–

7F3 and 5D0–
7F4 transi-

tions in Eu3+ respectively.33 The luminescence lifetime of Eu3+

in NH4Eu3F10 nanospheres of 100 nm is 2.18 ms (Fig. S4†),
which is longer than that of fluoride34 and vanadate35,36

reported before. Although the lifetime of NH4Eu3F10
nanospheres is shorter than that of phosphate,37 compared
with quantum dots and organic species, these rare-earth
doped nanoparticles express much longer luminescence life-
time,38 which is suitable for time-resolved fluorescence
detection in vitro. The emission quantum yield of Eu3+ in
This journal is © The Royal Society of Chemistry 2014
NH4Eu3F10 nanospheres is 16.2%, which is calculated
according to the method reported previously.34,39–42

IR spectra were used to identify the capping molecules on
the surface of as-prepared NH4Eu3F10 (Fig. 12). Strong bands
at 1630 and 1427 cm−1 can be attributed to the asymmetric
and symmetric stretching vibrations of bound carboxyl
groups,43 suggesting the binding of EDTA on the surface of
nanospheres. The peaks at 2986 and 2856 cm−1 correspond
to the asymmetric and symmetric stretching vibrations of the
C–H bond respectively. The peak at 1712 cm−1, which can be
assigned to the CO asymmetric vibration of the free
carboxyl groups of EDTA, represents improved hydrophilicity
of as-prepared samples. The peak at 3089 cm−1 can be
attributed to the CC–H stretching vibrations of adsorbed
oleic acid.

By using MTT assays, we found that the as-prepared
NH4Eu3F10 nanospheres exhibited low cytotoxicity against
HeLa cells (Fig. S5†).

Being highly biocompatible and hydrophilic, the as-prepared
NH4Eu3F10 nanospheres are practically applicable after being
conjugated with various biomolecules by free carboxyl
groups. Nanoparticles of diameter from 10 to 100 nm can
easily enter cells, and the as-prepared NH4Eu3F10 samples
are of suitable size and strong luminescence. To test the
potential of the as-prepared NH4Eu3F10 nanospheres in bio-
imaging, HeLa cells were incubated with the nanoparticles
(prepared in 9.1 mL ammonia for 8 h of hydrothermal treat-
ment) at the concentration of 100 μg mL−1 for 0.5–48 h. The
images were acquired at the excitation wavelength of
405 nm. After being incubated under experimental condi-
tions for 0.5 h, the cytoplasm of HeLa cells (×10) exhibited
intense red emission (Fig. 13a), indicating that the
as-prepared nanoparticles entered cells readily. Prolonging
incubation enhanced emission in the cytoplasm (Fig. 13b),
while extending incubation over 12 h allowed red emission
only in the cytoplasm according to the merged fluores-
cence and bright field images shown in Fig. S6.† The
absence of emission in the cell nucleus reveals that the
as-prepared large nanoparticles failed to penetrate karyotheca
or nucleopores. All results suggest that the as-prepared
NH4Eu3F10 nanospheres are feasible luminescence imaging
agents in vitro.
CrystEngComm, 2014, 16, 1296–1303 | 1301
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Fig. 13 Excited at 405 nm, CLFM images of HeLa cells stained with
100 μg mL−1 NH4Eu3F10 nanospheres at 37 °C for (a) 0.5 h and (b) 12 h
on the left, bright field images in the middle, and merged bright field
and CLFM images on the right.
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Conclusions

In summary, we herein, for the first time, prepared cubic
phase NH4Eu3F10 nanospheres using a facile modified hydro-
thermal route. Dependence of the stability of NH4Eu3F10
nanospheres on the amount of ammonium hydroxide solu-
tion and reaction time was investigated. The size of the nano-
spheres was adjusted by varying the dosage of ammonium
hydroxide solution. Furthermore, the nanospheres were used
for fast luminescence imaging in vitro. The results enrich the
field of ammonium rare-earth fluorides and render them
potentially eligible for bioimaging.
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