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Remarkable differences in photoluminescent properties between LaPO 4.EU
one-dimensional nanowires and zero-dimensional nanoparticles

Hongwei Song,a) Lixin Yu, Shaozhe Lu, Tie Wang, Zhongxin Liu, and Linmei Yang
Key Laboratory of Excited State Physics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, People’s Republic of China
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Photoluminescent properties of zero-dimensional LafQ nanoparticles (NP9 and
one-dimensional nanowirgNWs) prepared by the same wet-chemical synthesis technique were
studied and compared. The results indicate that in N¥ Becupied only one site, while in NW

Eu** occupied the same sité, and an additional sitB due to crystal anisotropy. Furthermore, the
electronic transition rate 6D;—=; 'F, in the NW increased from 14.9 to 28.9 thgompared to

the NP, while the nonradiative transition rate®8f,—°D, decreased from 24.1 to 19.7 msThe
luminescent quantum efficiency thus improved from 30% to 59%. This work demonstrates that a
one-dimensional NW may be a more favorable device than a zero-dimensional NP for
photoluminescence. @004 American Institute of PhysidDOl: 10.1063/1.1773616

Recently, one-dimensionélD) devices such as nanow- NaOH solution(4 M). After being well stirred, a milky col-
ires (NWs) and nanotubes have received extensive attentiofoid solution was obtained and poured into several closed
in both fundamental and applied stud?é%.They not only  Teflon-lined autoclaves and subsequently heated at 120 °C
play a crucial role in important future optoelectronic for 3 h. The suspension was then centrifuged at 2770 G for
devices’ data storagg, and biochemical and chemical 15 min and supernatant was discarded. Then, the precipitate
sensor$,but also can be used to enrich our understanding ofvas dissolved in dilute HN@®solution and theH value was
basic quantum mechaniés. adjusted to 1.0. The mixture was stirred for 3 h in order to

Rare earth compounds have been extensively applied tdissolve L&OH);. The white suspension obtained was cen-
high-performance magnets, luminescence devices, catalystgifuged at 2770 G for 15 min. The colorless supernatant in-
and other functional materials. Most of these functions decluding the by-products was discarded. In order to separate
pend strongly on the composition and structure. In the pastiPs from micrometer particles, an appropriate amount of
decade, rare earth doped zero-dimensional nanoparticlef-ionized water was added to the white precipitate by stir-
(NPs have been widely studied due to their potential appli-ring and then centrifuged at 2770 G for 10 min, the superna-
cation in lighting and high resolution displa¥s° Recently,  tant obtaining NP were decanted. This process was repeated
rare earth doped one-dimensional devices such as L: four times. The resultant colloidal solution was dried at
(RE=E{", Tb*) NWs™ and Y,04:RE nanotubé$**and 50 °C in vacuum. In the preparation of the NW, appropriate
their spectroscopic properties have also attracted considesgmounts LaO; and EyO; were dissolved in concentrated
able interest. However, until now, their luminescent properHNO; and an appropriate volume of de-ionized water was
ties were not well compared to the zero-dimensional NPs. Tadded to it.(NH,),HPO, aqueous solutior(0.20 M) was
develop one-dimensional phosphors, a basic question shougided to the above solution. Tip¢d value of the resultant
be answered, Could the photoluminescent properties of ongolution was adjusted to 1.0 with dilute HNQ.0 M) solu-
dimensional devices be improved compared to zerotion. Other procedures were the same as the preparation of
dimensional ones? NP.

Bulk LaPQ, is a well-known host for lanthanide ions  |n measurements of fluorescent dynamics and high-
and the E&" ion is a sensitive activator to study local resolution spectra, the sample was put into a cryostat under
symmetry.***In this letter, we demonstrate the remarkableyacyum, in which the temperature varied from 10 to 300 K.
structural and spectral differences between LafED A fourth-harmonic generator pumped by the pulsed Nd:YAG
nanowires and nanoparticles. It is exciting to observe that th%ser(line width: 1.0 cm%, pulse duration: 10 ns, repetition
quantum efficiencyQE) of EL** in NWs is enhanced two-  frequency: 10 Hy or a Rodamine 6G dye laser pumped by
fold compared to a corresponding NP. the same laser was used as the excitation source. The spectra

The LaPQ:Eu NP and NW were both prepared by the yere recorded by a Spex-1403 spectrometer, a photomulti-
wet-chemical sy?i[heys technique, which was reported by Hyjier, and a boxcar integrator and processed by a computer.
Meyssamyet al.= In the preparation of NP, appropriate = Figure 1 shows transition electron microscof§EM)
amounts of high purity L#D; and EyO; (1:0.05 mol rati0  jmages of LaPQ: Eu nanomaterials. The morphology of the
were dissolved in concentrated HN@rst. Then the appro- particles is strikingly different for the two preparation meth-
priate volume of NaOH aqueous solutid®.05 M) and  qqgs: colloids prepared in strongly alkaline comprise NPs
(NHy),HPOQ, aqueous solutiori0.18 M) were added to the ranging in size from about 10 to 20 nm, while the prepara-
solution. The finalpH value was adjusted to 12-13 with tion in acidic solution yields NWs having a width of
10-20 nm and length of 0.5-1/m. Figure 2 shows an

dAuthor to whom correspondence should be addressed; electronic maiK-ray d_iffraCtion(XRD) pattern of the nanocrystalline pow-
songhongwei2000@sina.com ders. Like the bulk LaP@polycrystals, the crystal structures
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FIG. 1. TEM micrographs of the LaRCEu NP and NW.

FIG. 3. High-resolution spectra oiDq—'F; (J=0,1,2 transitions in a

- . LaPQ,:Eu NP and NW. The lines labeled by asterisks are associated with
of NPs and NWs both belong to monoclinic monazite type.iesp, 7, transitions, which were distinguished by time-resolved spectra.

Due to crystalline anisotropy, the relative intensity of some
XRI?:ipitrtgrg S r;deg%\lgog%va(r\l]a:tlg : in gPhsi ?T(rjegg,l\l/ﬁi.on gests that the appearance of the additional Bite due to
emiss?on S eF():tra under0 266Jnm eicitétion |§|]"| NPs and NWiSmproved crystal anisotropy.

P In Fig. 3, the low temperature lines 8D,—'F, also

[at 10 K and room temperatut®T)]. It can be seen that the demonstrated obscure differences between the NP and NW,

room temperature spectra for the NPs and NWs are nearl%us site-selective spectroscopy was studied. Figutas 4

same. The transition energies of the peaks have been calcy , 4b) show, respectively, théF,—°D, excitation spectra
lated and are in good agreement with the spectral position onitoring dif'ferent5D0—7F’2 siteso andothéDOJFz omic-

observed in the bulk material and Ref. 11. This suggests th%. . e 5 L .

. o ; on spectra selective excitingF,—°D,, transitions. In Fig.
the europlu.m site In NPs and NWs has symme_try, like 4(a), two different excitation peaks were observed, at
bulk LaPQ,: Eu. The spectra at Ipw temperature in NW and~17 281 and~17 258 cnil, respectively. They had a little
NP demonstrated remarkable differences. In the NPs, thresehhct with the monitoring location. Corresponding to site-

50 _7 i T

120984&2“”?? Ii/vzere ozserl\geg,zoitz 1%02L63i2 cniL1), selective excitation, two groups of emission peaks of
: £2cm-(L2), an £2 ciit (L3), respec-  sp 7k anneared, indicating that thB,—F, transitions in
tively. In the NW, besides the same lines, 1-3, téhree addighe’ NW originated from two different sites. Site-selective
tional lines, 4—6,_1were observed at 16 716+2°¢ifb4),  gpeciroscopy was also performed in the NP, in which only
16 760+2(L5) cm?, and 16 958%2 ciit (L6), respec- e site was observed.

tively. As is well known, the’Do—F; transitions are super- The electronic transition of Etiin NPs and NWs was
sensitive to the local structuréf; associated with one site 50 compared. Under excitation of the 266 nm pulsed laser,
symmetry can split into three levels in the crystal field. Thegjectrons from ground states were excited to CTS first, and
above results indicate that in NPs tABy—'F; transitions  then were feed to excitetD , states. The electrons #D,
came from one siteA, while in NWs the®Do—"F; transi-  came from the nonradiative CTS feeding and #Bs—°D,

tions came from the same sit&, and an additionaB. Itis  rejaxation. The CTS feeding 8D is faster than the decay of
interesting to point out that for the NW, as the preparationsp aAssume that the depopulation processesin were
temperature was increased, the width increased more rapidly

than that of the length and thus the crystal anisotropy de-

creased. In this case, sitdsandB were still observed in the (a)
high-resolution spectra, but the relative emission intensity of
site B became weaker than that of ske This strongly sug- The3se
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FIG. 2. XRD patterns of LaPQEu NPs and NWs.

28 ()

FIG. 4. Excitation spectra dfF ,—°D, monitoring different®D,—"F, emis-
sion sites(a) and °Dy—'F, emission spectra exciting differedf,—°D,

positions(b).
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30 crystal anisotropy leads to an electronic dipole which is for-
28/ " NW bidden to be dissolved further afidED) to be improved. In
26 addition, Meltzeret al.'’ observed that the radiative fluores-
- cence lifetime of the ¥O5:Eu NP is dependent not only on
E 241 the refractive index itself, but also on the surrounding me-
2 221 dium. They deduced that, in nanoparticles,in Eq. (2)
5 20 should be substituted by the effective refractive inagx
. =xn+(1-X)n,e¢ Wherex is the filling factor, showing what
18 fraction of space is occupied by the nanoparticlesapdis
16+ the refractive index of the surrounding medfaln the
14 present case, the samples were surrounded by vacuum, thus

Nmei=1. Based on the definition of, it is believed that the
value ofx for the NW is larger than that for the NP, leading
to the increase ofi.; and the decrease of the radiative fluo-
FIG. 5. Temperature dependence of the fluorescence lifetifi® @f’F, in rescence lifetime.
aLaPQ:Eu NP and NW(18 740 cm"). The dots are experimental data and In conclusion, the structural and luminescent properties
the lines are fitting _f_uncti(_)ns. Inset: Emission of th@;—F, transitions. of colloidal LaPQ:Eu°’+ NWs and NPs prepared by the
Inset: °D,~"F transitions in a NP. . .

same technique were studied and compared. In NP%, Eu
occupy only one siteA. In NWs, due to the increased crys-
talline anisotropy, the EXi ions occupy two different siteg
and B. The radiative transition rate D;—=; ‘F; and the
‘QE in the NW increased nearly twofold in comparison to in
the NP. This work is significant for developing one-
1 dimensional nanometer phosphors.

L= — —ha/kT1-AE gh @
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