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Controllable Morphology, Phase and Luminescent Properties of Rare Earth
Ion—-doped LaPO, Nano-structural Materials
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Abstract Rare earth ions (Ce**, Tb*") doped LaPO, nano-structural materials were synthesized by hydrothermal treatment
at 180 C for 24 h, and characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission elec-
tron microscopy (TEM), photoluminescence (PL) spectra and kinetic decay curves. The morphology, phase and luminescent
properties of the obtained samples can be controlled through altering the variety of additives and doped rare earth ions, and
the doping concentration of rare earth ions. The results indicate that when the doping concentration is as low as 5 mol%, Ce*"
or Tb*" ion-doped LaPO, materials are composed of single-crystalline nanorods with the length of 200~550 nm and the
diameter of 12~30 nm, and have monoclinic phase structure. These nanorods with small size trend to assemble through
shoulder-by-shoulder to form the nanorod bundles. When the concentration of Ce*" ions increases from 5 to 30 mol%, the
phase structure of LaPO, nanorods transforms from monoclinic to hexagonal phase, whereas the doping concentration of Tb’
" ions at the same range can not result in the phase transformation. The length of the obtained nanorod bundles is at the range
from 150 nm to 2.0 um and the value can be controlled by altering the variety and the doping concentration of the doped rare
earth ions, while the diameter of the nanorod bundles is mainly kept at 40~60 nm. The addition of different additives can
improve the uniform feature of the obtained nanorod bundles and lead to the alteration of the length of these nanorod bundles.
Under the excitation of ultraviolet light, Ce** or Tb*" ion-doped LaPO, nanorod bundles exhibit the characteristic emission
of the corresponding doping ions, and the Ce®” and Tb®>* ions co-doped samples exhibit strong green emission of Tb>" ions
due to the efficient energy transfer between Ce®* and Tb>" ions.
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Figure 1 XRD patterns of LaP0,4:5% Tb*" [CTAB (a), CA (b), without
additives (c)], LaPO,:5% Ce*" [CTAB (d), CA (e), without additives ()]
and the standard data for bulk LaPO, (g, JCPDS card No.32-0493)

TEM SEM

B2 KA, b A CTAB (¢, )FT CA (e, DIETF2] LaP0,4:5%
T 4K Rl TEM & SEM 5

Figure 2 TEM and SEM images of LaPO,:5% Tb*" nanorods without
any additives (a, b), and with the addition of CTAB (c, d) and CA (e, f)

1814  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

LA N 20%
N 15%
Y L 10%
T 5%

3 | | oS TSI
| | | A 1 I|||||. :
- | Ll Ll lnljl.ql.P.D§ 3I2_()49§

20/(°)

b
30%
n " H N | 5%

JCPDS 32-0493

Intensity

Intensity

10 20 30 40 50 60 70 80
20/(°)

B3 LaPOsx% Ce®" (a), LaPOsx% Tb>" (b)ZKHE R (¥ XRD 1% A%
PR A AL B ARAE - (B AHT: JCPDS card No.32-0493; /N7 AH:
JCPDS card No. 75-1881)

Figure 3 XRD patterns of LaPO4x% Ce®™ (a), LaPOsx% Tb **(b)
nanorod bundles, and the standard data for bulk LaPO, [monoclinic phase
(JCPDS card No. 32-0493) and hexagonal phase (JCPDS card No.
75-1881)]
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Figure 4 SEM images of LaPO,x% Ce’” and LaPO4:30% Tb*"
nanorod bundles
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Figure 5 XRD patterns (a) and SEM image (b) of LaP04:20% Ce**,5%
Tb®" nanorod bundles with the addition of CA
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Figure 6 TEM (a) and HRTEM (b) images of LaP04:20% Ce’",5%
Tb> © nanorod bundles with the addition of CA (Inset is the
high-magnification TEM image and SAED of the single nanorod)
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Figure 7 PL spectra of LaPO4:5% Ce®" (a) and LaPO,4:5% Tb>" (b) nanorod bundles, PL spectra (c) and decay curve (d) of LaP0,4:20% Ce**,5% Tb*"

nanorod bundles
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