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Abstract: LaF,: Yb3+, Er3+ microcrystals were synthesized by a hydrothermal method, and then, the LaF,: Yb3+, E2’ 
microcrystals were coated with silica. Phase identification of LaF,: Yb3+,  Er” and LaF,: Yb3+, Er3+/Si02 was performed 
via XRD. The TEM image showed that the size of LaF,: Yb3+, Er3+ was 150 nm and LaF,: Yb”, Er3+/Si0, presented 
clearly a corehhell structure with 20 nm shell thickness. The upconversion spectra of LaF,: Yb3t, E$’ and LaF,: %’+, 

E$’ iSi0, in solid state and in ethanol were studied with a 980 nm diode laser as the excitation source. The upconversion 
spectra showed that the silica shell had little effect on the properties of fluorescence of the LaF,: Yb3+, Er3+ mhocrys- 
tals. At the same time, the green luminescence photo of LaF,: Yb3+, Er3+/Si0, in the PBS buffer was obtained, which in- 
dicated that the LaF,: %,+, Er’+/SiO, could be used in biological applications. 
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Recently, lanthanide-doped upconversion crys- 
tals have attracted considerable attention owing to 
their potential application in communica- 
t i ~ n ‘ ~ ] ,  catalysis fieldsL4], and especially in biological 
labeling[’171. A new generation of highly sensitive 
particle-based bioassays based on the upconversion 
luminescence technology of rare earth doped ceramic 
particles (UPT) has been When com- 
pared with down-conversion fluorescent o r p i c  dyes 
and quantum dots, upconversion luminescence has 
some additional advantageous features. First, upcon- 
version emission does not occur in nature. Unlike con- 
ventional fluorescent dyes and quantum dots, up -con- 

verting phosphors transfer low energy IR radiation to 
high-energy visible light by the multi-photon absorp- 
tion and energy transfer process, which avoids inher- 
ent autofluorescence associated with most fluores- 
cence-based methods. Second, up -converting phos- 
phors p e r a t e  large anti-Stokes shifts that result in 
well-separated emission (visible region) and excitation 
(Near infixed region) bands“’]. Third, the different 
colors of upconverting phosphor can be excited simul- 
taneously with the same IR source (980 nm), which is 
necessary for multiplexing[51. Finally, the excitation of 
lanthanide-doped upconversion crystals is performed 
using a 980 nm NIR laser, which is compact, hi&- 
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power, and inexpensive. 
It is well known that the luminescence of rare 

earth ions is very easily quenched by high energy vi- 
brations originating from host materials and water 
molecules. Therefore, a good fluorescent host matrix 
with low vibrational energies is important for a high 
efficiency of upconversion luminescence. As a prom- 
ising host matrix, LaF, with low phonon energy has 
attracted considerable attention in recent years 
Apart from being a good host, the upconversion 
phosphor can be easily bioconjugated with biomole- 
cules to exploit their peculiar properties and unique 
biological applications. An alternative route is gowing 
a silica shell around the upconversion phosphor, 
forming the so-called core-shell structures"s1. The sil- 
ica coating can improve the photo stability and bio- 
compatibity of the crystals and the protocol for con- 
jugation of biomolecules to the silica surface is well 
established. 

Therefore, in this report, LaF,: Yb3+, Er3+ mi- 
crocrystals were synthesized by a hydrothermal 
process, and then the microcrystals were coated with 
silica. The LaF,: Yb3+, Er3+/Si02 presents clearly a 
core/shell structure through TEM observation. The 
sample displays distinct green emission under the ex- 
citation of a 980 nm diode laser. It is worth mentio- 
ning that the LaF, : Yb3 + ,  Er3 + /SiO, can be dispersed 
in ethanol and PBS buffer and can be stable for six 
hours without the precipitate appearing, which indi- 
cates that the LaF,: Yb3+, Er3+/Si0, has potential ap- 
plications in bioimaging and biolabeling. 

L3.16, 171 

1 Experimental 
The LaF,: Yb3+, Er3' microcrystals were synthe- 

sized by the hydrothermal method. In typical synthe- 
sis, 1.5 g cetyltrimethy lammonium bromide (CTAB) 
was completely dissolved in 30 ml deionized water. 
The 2 ml deionized water containing 0.475 mmol La 
(No,), 6H20 ,  0.02 mmol Yb(NO,), 0 6H,O, and 
0.005 mmol Er(NO,), * 6H,O was added under stir- 
ring. The 1.5 mmol KF - 12 H,O was dissolved in 
2 mI water and added to the above solution to pro- 
vide F -  ions. The suspension was stirred for 30 min 
before being transferred into a 50 ml Teflon-lined au- 
toclave. After the hydrothermal treatment at 120 "c 
for 12 h, the precipitate was centrifuged, washed sev- 
eral times with absolute ethanol and distilled water, 
and then dried in vacuum at room temperature. The 
powder was calcined at 350 "c for 30 min in an inert 
atmosphere. One half of the above power was dis- 
persed into 15 ml ethanol under vigorous stirring. 
Then, 200 pl deionized water and 50 pl concentrated 

ammonium hydroxide (25%) were added drop wise. 
After the solution was stirred for 30 mh, 60 p1 Tet- 
raethyl orthosilicate (TEOS) was added. The mixture 
was stirred for 24 h. The product was obtained after 
centrifuging and rinsing thoroughly with ethanol and 
water, and was then dried in room temperature. 

Phase identification was performed via X-ray 
diffractometry (XRD) (model Rigaku RU-200b), using 
nickel-filtered Cu K a  radiation (A =0.15406 nm). The 
size and morphology of LaF,: Yb3+, Er3+ and LaF,: 
Yb3 + , EC + /SO, were Characterized by TEM (JEM , 
2000EX 200 kV). The upconversion emission spectra 
of powder and suspension (in ethanol) were per- 
formed with a Hitachi F-4500 fluorescence spectrome- 
ter. An adjustable laser diode (980 nm, 2 W) was used 
as the excitation source. The luminescence photo of 
suspension was obtained with a 980 nm diode laser 
continuously scanning the sample during 8-second ex- 
posure time of the digital camera after the LaF, : Yb3', 
Er3+/Si02 were dispersed into PBS (PH =7.4) for 2 h. 

2 Results and Discussion 

2.1 XRD analysis 

Fig. 1 shows the XRD pattern of LaF,: Yb3+, 
Er3+ microcrystals and LaF,: Yb3+, Er3+/Si02. The 
position and intensity of all diffraction peaks of the 
two samples are in good agreement with the standard 
values for bulk hexagonal LaF,(JCPDS No. 72-1435). 
No impurity can be identified from the XRD pattern, 
which suggests that our synthesis is a promising 
method to prepare pure hexagonal phase LaF,. 

2.2 TEM observations 

The morphology of LaF, : Yb3 + , Er3 + /SiO, was 
characterized by the TEM image (Fig. 2). As seen in 
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Fig. 1 XRD pattern of hexagonal LaF,: Yb", Er3+ micro- 
crystals (1) and LaF,: Yb", Er3'/SiO2(2) 
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the typical TEM image, the size of the LaF,: Yb3+,  
Er3+ crystals is about 150 nm. It is also observed that 
the particle has a core-shell structure. The silica shell 
thickness is about 20 nm and can vary with the dos- 
age of tetraethyl orthosilicate (TEOS) and the reaction 
time. At the same time, the silica shell has little effect 
on the properties of fluorescence of LaF,: Yb3', Er3+, 
as seen later. The electron diffraction pattern taken 
from individual LaF, : Yb3 + , Er3 + /SiO, core/shell is al- 
so shown in Fig. 2 (insert in Fig. 2). The electron dif- 
fraction pattern further clearly indicates the crystalline 
nature of LaF, : Yb3 + , Er3 + /SiO, . 

2 3  Upconvelsion emission spectm 

For the LaF,: Yb3+, Er3+/Si02 corehhell materi- 
als, bright-green luminescence could be clearly ob- 
served with naked eyes when the sample was excited 
by a 980 nm diode laser. This suggests that the micro- 
crystals are promising upconversion phosphors. Fig. 
3(a) presents the room-temperature upconversion e- 
mission spectra of the LaF,: Yb3+, Er3' and LaF,: 
Yb3+, Er3'/Si0, microcrystals in solid state. Under 980 
nm NlR excitation, three emission peaks in the visible 
range are assigned to 2H,,,+41,5,(520 nm), 4S3R+41,5R 
(541 nm) and 4F,,+41,,n(651 nm) transitions of Er3+ 
ions, respectively. However, when LaF,: Yb3+, Er3' 
and LaF, : Yb3 + , Er3 ' /SiO, were dispersed in ethanol, 
the emission peak corresponding to the 2H9n+4H,,, 
transition of Er3+ at 408 nm is present in the emission 
spectra (Fig. 3(b)). An explanation to account for the 
enhancement of 2Hg/L+4H,5n transition of Er3+ in the 
ethanol is the heat effect. As already known, the 980 

nm diode laser generates considerable heat, which in- 
creases the temperature of the solid sample rapidly. 
However, the heat is quickly diffused in the ethanol 
owing to the flow of the liquid. Fig. 4(a) shows the 
dispersity of the LaF,: Yb3+,  Er3+/Si02 in the PBS 
buffer. Fig. 4(b) shows the luminescence photo of the 
sample with a 980 nm diode laser continuously scan- 
ning the sample during the 8 s exposure time of the 

t 

AI\ LaF, : Yb3+, Er3*/Si0, I 
400 450 500 550 600 650 700 750 

WavelengtWnm 

I 
LaF, : Yb-, ErJ' 

400 450 500 550 600 650 700 750 

WavclcngtWnm 

Fig. 3 Room-temperature upconversion emission spectra of 
the LaF,: Yb3+, Er3+ and LaF,: Yb3+, Er3' /Si02 in 
solid state (a); Room-temperature upconversion emis- 
sion spectra of the LaF,: Yb3+,  Er3' and IS,: Yb3+, 
E2 +/SiO, in ethanol (b) 

Fig 4 LaF3 : Yb" , Er3+/Si02 was dispersed into the PBS buff- 
er (a); Luminescence photo of the sample with a 980 nm 
diode laser continuously scanning the sample during the 
8 s exposure time of the digital camera after the sample 
was dispersed into the PBS buffer for 2 h (b) 

Fig. 2 TEM imag of LaF,: Yb3+,  Er3+ /SO2 (Inset are the 
electron diffraction pattern of LaF, : Yb3', E$+ /SiO,) 
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the digital camera after the sample was dispersed into 
PBS for 2 h. The suspension was stable for 6 h with- 
out precipitate appearing, which indicates that LaF, : 
Yb3 + , Er3 +/SiO, microcrystals have potential applica- 
tions in biological fields. 

3 Conclusian 
In summary, Yb3 + -Er3 + codoped LaF, -micro- 

crystals were synthesized by the hydro thepl  meth- 
od, and then, LaF,: Yb3', Er3+ microcrystals were 
coated with silica. XRD analysis showed that the 
produces were in hexagonal phase. The TEM image 
shows that the LaF,: Yb3+, Er3+ microcrystals' size 
was about 150 nm, and LaF,: Yb3+, Er3+/Si02 
showed clearly the core/shell structure with a 20 nm 
silica shell. The upconversion spectra of LaF,: Yb3+, 
Er3 + and LaF, : Yb3 + , Er3 + /SiO, in solid state and in 
ethanol showed that the silica shell had little effect on 
the properties of fluorescence of LaF,: Yb3+, Er3+ 
microcrystals. The LaF,: Yb3+, Er3+/Si02 microcrys- 
tals displayed distinct green emission under the excita- 
tion of a 980 nm diode laser and could be dispersed in 
the PBS buffer and be stable for 6 h without precipi- 
tate appearing, which indicated that the microcrystals 
could be used in bioimaging and biolabeling based on 
the upconversion luminescence. 
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