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Abstract LaOCl:Er3? nanofibers and nanobelts were

prepared by electrospinning combined with a double-cru-

cible chlorination technique using NH4Cl powders as

chlorinating agent. X-ray powder diffraction analysis

indicated that LaOCl:Er3? nanostructures were tetragonal

with space group P4/nmm. Scanning electron microscope

analysis and histograms revealed that diameter of LaO-

Cl:Er3? nanofibers and the width of nanobelts respectively

were 161.15 ± 18.11 nm and 6.11 ± 0.19 lm under the

95 % confidence level, and the thickness of nanobelts was

116 nm. Up-conversion (UC) emission spectra analysis

manifested that LaOCl:Er3? nanostructures exhibited

strong green and red UC emission centering at 525, 548 and

671 nm, respectively attributed to 2H11/2 ? 4I15/2, 4S3/2 ?
4I15/2 and 4F9/2 ? 4Il5/2 energy levels transitions of Er3?

ions under the excitation of a 980-nm diode laser. It was

found that the relative intensities of green and red emis-

sions vary obviously with the changing of concentration

of Er3? ions, and the optimum molar percentage of

Er3?/(La3??Er3?) ions was 5 % in the LaOCl:Er3?

nanostructures. The LaOCl:x %Er3? nanobelts have higher

UC emission (both red and green) intensity than the

counterpart nanofibers. Moreover, the near-infrared char-

acteristic emissions of LaOCl:Er3? nanostructures were

achieved under the excitation of a 532-nm laser. Com-

mission Internationale de L’Eclairage analysis demon-

strated that color-tuned luminescence can be obtained by

changing doping concentration of Er3? ions, which could

be applied in the fields of optical telecommunication and

optoelectronic devices. The UC luminescent mechanism of

LaOCl:Er3? nanostructures were also proposed.

1 Introduction

In the last few decades, rare-earth doped upconversion

luminescent materials have attracted much interest for their

potential applications in many areas such as all-solid com-

pact lasers, near infrared quantum counting devices, optical

data storage, fluorescent labels for sensitive detection of

bimolecular [1–5], and especially bioprobes and bioimages

[6, 7]. Among the up-conversion (UC) luminescent rare-

earth ions,the Er3? is an ideal candidate for upconversion

since its metastable level 4I11/2 can be conveniently popu-

lated by a 980-nm diode laser, which can exhibit green and

red visible emission [8]. The dynamics of the excited states

of rare earth ions can be controlled by selecting different host

materials [9, 10]. The host materials with low phonon energy

can result in a reduction of the multiphonon relaxation and

thus help efficient upconversion occur. Lanthanum oxy-

chloride (LaOCl) is known for the high chemical stability,

nontoxicity, the low maximum phonon cutoff energy, and

ability to promote efficient phonon energy transfer (ET) to

dopant ions, which are originated from the low phonon

vibrational energy and high ionicity of the bond between rare

earth and chlorine [11]. Its structure comprises distinct

covalent (LaO)n
n? complex cation and Cl- anion layers. In

this structure, the La3? is coordinated with four oxygens and

five chlorines forming a monocapped tetragonal antiprism

arrangement with C4v as the point symmetry of the La3? site

[12]. Meanwhile, the La3? has the largest ionic radius among

the lanthanide ions (Ln3?), and it can be easily substituted by
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different Ln3? ions in the structure [13]. Therefore, LaOCl is

an excellent host for doping with various Ln3? ions. In

addition, LaOCl nanomaterials have aroused great interest

due to their attractive properties and tremendous applica-

tions such as catalyst supports and gas sensors [14, 15].

Hence, LaOCl:Er3? nanomaterials have promising applica-

tions in such fields as UC luminescence, medical diagnosis

and bioimaging probes etc. It has been proven that controlled

synthesis of well-defined LaOCl:Er3? with uniform dimen-

sions and morphology is of extraordinary importance

because the electronic structure, bonding, surface energy,

and chemical reactivity are directly related to their size and

morphology [16]. Up to now, numerous efforts have been

devoted to the exploration of various convenient and effi-

cient approaches to fabricate LaOCl:Er3? nanomaterials

with the controlled morphology, size, and dimensionality,

such as high temperature solid state reaction [11], precipi-

tation method [17], hydrothermal–solvothermal method

[18], sol–gel method [19] and precursor thermal decompo-

sition method [20]. Electrospinning technology has been

extensively explored as a simple and versatile method for

forming inorganic superfine nanomaterials using polymer/

inorganic composite as the precursor [21, 22]. The mor-

phology of nanomaterials prepared by electrospinning can be

controlled by adjusting experimental conditions, such as the

viscosity of spinning solution, relative air humidity, the

structure of spinneret, spinning voltage, and the distance

between the spinneret and the collector [23, 24]. Neverthe-

less, the fabrication of LaOCl:Er3? nanostructures via

electrospinning combined with a double-crucible chlorina-

tion technique is not reported in the literatures. Herein,

LaOCl:Er3? nanostructures were successfully fabricated by

double-crucible chlorination of the pre-products which were

prepared by calcining the electrospun polyvinyl pyrrolidone

(PVP)/[La(NO3)3?Er(NO3)3] composites, the morphology,

structure, UC luminescence, near-infrared luminescent per-

formances, the luminescent mechanism of LaOCl:Er3?

nanostructures were investigated in detail, and some mean-

ingful results were obtained.

2 Experimental sections

2.1 Chemicals

Polyvinyl pyrrolidone (PVP, Mw = 90,000, AR), lantha-

num oxide (La2O3, 99.99 %) and erbium oxide (Er2O3,

99.99 %) were purchased from Kemiou Chemical Co. Ltd.

N, N-dimethylformamide (DMF, AR) was bought from

Tiantai Chemical Co. Ltd. Nitric acid (AR) and ammonium

chloride (NH4Cl, AR) were purchased from Tianjin Ren-

min Chemical Co. Ltd. All chemicals were directly used as

received without further purification.

2.2 Fabrication of LaOCl:x %Er3? nanofibers

via electrospinning combined with chlorination

technique

LaOCl:x %Er3? [x = 0.5, 1, 3, 5 and 7; x stands for molar

ratio of Er3?/(Er3??La3?)] nanofibers were prepared by

calcinating and chloridizing the electrospun PVP/

[La(NO3)3?Er(NO3)3] composite nanofibers. In the typical

procedure of preparing representative LaOCl:5 %Er3?

nanofibers, 0.9486 g La2O3 and 0.0586 g Er2O3 were dis-

solved in dilute HNO3 (1:1, volume ratio) at elevated

temperature, and mixed rare earth nitrates were obtained by

removing the water from the solution by heating. The

mixed rare earth nitrates were dissolved in 16.0018 g of

DMF, and then 2.0001 g of PVP was added into the above

solution under stirring for 6 h to form homogeneous

transparent spinning solution. In the spinning solution, the

mass ratios of rare earth nitrates, DMF and PVP were equal

to 10:80:10. Subsequently, the spinning solution was

electrospun under the high-voltage of 12.40 kV, and the

distance between the spinneret and collector was fixed at

18 cm. The room temperature was 20–24 �C and the rel-

ative humidity was 30–40 %. In this way, the electrospun

PVP/[La(NO3)3?Er(NO3)3] composite nanofibers were

formed on the collector. As-spun nanofibers were prefired

at 600 �C for 4 h with a heating rate of 1 �C/min in air,

then the calcination temperature was decreased to 200 �C

at a rate of 1 �C/min, followed by natural cooling down to

room temperature, and the pre-products were acquired.

LaOCl:5 %Er3? nanofibers could be fabricated by chlori-

dizing pre-products using NH4Cl powders as a chlorination

agent. Some NH4Cl powders were put into a small cruci-

ble, and carbon rods were loaded on the NH4Cl powders,

pre-products were placed on the carbon rods, then the small

crucible was placed into a big crucible, and excess NH4Cl

powders were added into the space between the two cru-

cibles, and the big crucible was covered with its lid. The

crucibles were annealed at a rate of 1 �C/min and remained

for 4 h at 600 �C, then the calcination temperature was

decreased to 200 �C at a rate of 1 �C/min, and then down

to room temperature naturally. We call this process as a

double-crucible chlorination technique. LaOCl:5 %Er3?

nanofibers were obtained via the above synthesis process.

Other series of LaOCl:x %Er3? (x = 0.5, 1, 3 and 7)

nanofibers were prepared by the similar procedure except

for different doping molar concentration of Er3? ions.

2.3 Preparation of LaOCl:x %Er3? nanobelts

via electrospinning combined with chlorination

technique

LaOCl:x %Er3? (x = 0.5, 1, 3, 5 and 7) nanobelts were

prepared by calcinating and chloridizing the electrospun
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PVP/[La(NO3)3?Er(NO3)3] composite nanobelts. In the

typical procedure of preparing representative LaO-

Cl:5 %Er3? nanobelts. Rare earth nitrates were prepared by

dissolving 0.8538 g La2O3 and 0.0527 g Er2O3 in dilute

HNO3 (1:1, volume ratio) and evaporating the excess water

at elevated temperature, then the obtained rare earth

nitrates were dissolved in 14.6058 g of DMF, and then

3.6008 g of PVP was added into the above solution under

stirring for 12 h to form homogeneous transparent spinning

solution. In the spinning solution, the mass ratios of rare

earth nitrates, DMF and PVP were equal to 9:73:18. Sub-

sequently, the spinning solution was electrospun under the

high-voltage of 6.5 kV, and the distance between the

spinneret and collector was fixed at 11 cm. The room

temperature was 20–24 �C and the relative humidity was

30–40 %. In this way, the electrospun PVP/[La(NO3)3?

Er(NO3)3] composite nanobelts were formed on the col-

lector. Similar procedure was adopted to produce LaO-

Cl:x %Er3? nanobelts via chlorination of the obtained pre-

products using a double-crucible chlorination technique, as

described in Sect. 2.2. Other series of LaOCl:x %Er3?

(x = 0.5, 1, 3 and 7) nanobelts were prepared by the

similar procedure except for different doping molar con-

centration of Er3? ions.

2.4 Characterization methods

X-ray diffraction (XRD) measurements were carried out

using a Rigaku D/max-RA X-ray diffractometer with Cu

Ka radiation of 0.15406 nm. The size and morphology of

the products were observed by an XL-30 field emission

scanning electron microscope (SEM) made by FEI Com-

pany. The purity of the products was examined by an

OXFORD ISIS-300 energy dispersive spectrometer (EDS).

Transmission electron microscope (TEM) analysis was

performed using a JEM-2010 TEM under a working volt-

age of 200 kV. The photoluminescence spectra of the

samples were recorded with a Hitachi F-7000 fluorescent

spectrophotometer using a power-tunable 980-nm diode

laser and a RPM2000S fast mapping instrument using

YAG:Nd3? (532 nm) laser as the excitation source. The

specific surface areas of the nanostructures were measured

by a V-Sorb 2800P specific surface area and pore size

analyzer made by Gold APP Instrument Corporation.

3 Results and discussion

3.1 XRD analysis

The representative XRD patterns of LaOCl:5 %Er3?

nanofibers annealed at 500, 600, 700 and 800 �C for 4 h

are shown in Fig. 1a. When the sample was obtained at

500 �C, all the diffraction peaks are acquired with the low

crystallinity. For the sample annealed at 600 �C, well

defined diffraction peaks are acquired, and all diffraction

peaks of the sample can coincide well with the tetragonal

phase of LaOCl according to the PDF standard card No.08-

0477. The LaOCl has PbFCl-type structure with the space

group P4/nmm. Obvious diffraction peaks are situated near

2h = 25.50(101), 30.85(110), 34.10(102), 40.60(112),

44.20(200), 50.90(113), 51.60(211), 56.5(212), 75.70(214).

With increasing in the annealing temperature to 700 �C and

to 800 �C, diffraction peaks of the sample do not obviously

change. Therefore, the optimum calcination temperature is

600 �C. Figure 2a shows the XRD patterns of the LaO-

Cl:x %Er3? nanofibers doped with different molar con-

centration of Er3? ions calcinated at 600 �C for 4 h. No

other impurity phase can be detected at the current doping

concentrations, indicating that the Er3? ions are completely

inserted into the LaOCl host lattice through replacing the

La3? ions. However, the diffraction peaks are shifted to the

high diffraction angle with the increase of Er3? contents (as

shown in the insets of Fig. 2a), meaning that the lattice

constants of LaOCl:x %Er3? nanofibers are changed. This

is because the radius of the Er3? is smaller than that of the

La3? [radius (La3?) = 1.15 Å, radius (Er3?) = 0.96 Å].

The lattice constants were calculated using the following

expression:

sin2 h ¼ k=2að Þ2� h2 þ k2
� �

þ k=2cð Þ2�l2;

where k value is 1.5406Å,h, k and l are diffraction indexes,

and the results are summarized in Table 1. Similarly, the

XRD results of the LaOCl:x %Er3? nanobelts are mani-

fested in Fig. 2b. It is found that the diffraction peaks of

LaOCl:x %Er3? nanobelts are shifted to the high diffrac-

tion angle with the increase of Er3? ions contents, as
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Fig. 1 XRD patterns of the LaOCl:5 %Er3? nanofibers calcined at

different temperatures with PDF standard card of LaOCl
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indicated in the inset of Fig. 2b. The diffraction angles of

LaOCl:x %Er3? nanobelts are same with the counterpart

nanofibers, indicating that they have same structures.

3.2 Morphology observations

Figure 3 shows the representative SEM images of the

LaOCl:5 %Er3? nanofibers and nanobelts. From the SEM

image of Fig. 3a, it can be noticed that the LaOCl:5 %Er3?

nanofibers have coarse surface with good dispersity. The

SEM image of the LaOCl:5 %Er3? nanobelts with the

thickness of 116 nm (shown in the inset of Fig. 3b) is

manifested in Fig. 3b, they were relatively smooth. Under

the 95 % confidence level, the diameter of LaOCl:5 %Er3?

nanofibers and width of the nanobelts analyzed by Shapiro–

Wilk method are normal distribution. Histograms of

diameter and width distribution of the nanostructures are

indicated in Fig. 4. As seen from Fig. 4, the diameter of the

LaOCl:Er3? nanofibers is 161.15 ± 18.11 nm, the width

and thickness of the nanobelts are 6.11 ± 0.19 lm and

116 nm, respectively. TEM images of the LaOCl:5 %Er3?

nanofibers and nanobelts are presented in Fig. 5. It is found

that LaOCl:5 %Er3? nanofibers and nanobelts are com-

posed of nanoparticles, and the diameter of LaO-

Cl:5 %Er3? nanofibers and the width of nanobelts are ca.

160 nm and 6.1 lm, respectively. The results are consis-

tent with the results of SEM analysis.

Figure 6 indicates the EDS spectra of the PVP/

[La(NO3)3?Er(NO3)3] composite nanofibers and LaO-

Cl:5 %Er3? nanofibers. EDS spectra show that C, N, O and

La, Er are the main elements in composite nanofibers, Cl,

O, Er and La in LaOCl:5 %Er3? nanofibers, and the same

results are obtained for composite nanobelts and LaO-

Cl:5 %Er3? nanobelts. Au comes from the conductive film

coated on samples for SEM observation. No other elements

are found in the samples, indicating that the LaOCl:Er3?

nanostructures are highly pure.

3.3 Upconversion luminescence properties

Figure 7 shows the UC emission spectra of LaO-

Cl:x %Er3? (x = 0.5, 1, 3, 5 and 7) nanofibers and nano-

belts under the excitation of a 980-nm DL with the same

pump power (in order to avoid the experimental errors).

The UC emission spectra consist of red emission bands and

green emission bands. The red emission bands centering at

671 nm originate from 4F9/2 ? 4I15/2 transition of Er3?

ions, and the green emission peaks at 525 nm, 548 nm are

ascribed to the 2H11/2, 4S3/2 ? 4I15/2 energy levels transi-

tions of Er3? ions, respectively. It is found that the spectral

shape and position of excitation and emission peaks do not

vary with the doping concentrations of Er3? ions for
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Fig. 2 XRD patterns of the LaOCl:x %Er3? (x = 0.5, 1, 3, 5 and 7) nanofibers (a) and nanobelts (b) with PDF standard card of LaOCl

Table 1 Lattice constants of LaOCl:x %Er3? (x = 0.5, 1, 3, 5 and 7)

nanofibers

x 2-Theta (degree) h k l Lattice constants (Å)

0.5 30.70 1 1 0 a = b = 4.1152

33.95 1 0 2 c = 6.8760

1.0 30.75 1 1 0 a = b = 4.1087

34.00 1 0 2 c = 6.8670

3.0 30.80 1 1 0 a = b = 4.1022

34.05 1 0 2 c = 6.8579

5.0 30.85 1 1 0 a = b = 4.0957

34.10 1 0 2 c = 6.8489

7.0 30.90 1 1 0 a = b = 4.0893

34.15 1 0 2 c = 6.8400
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LaOCl:x %Er3? nanostructures, however, the intensity of

excitation and emission peaks for LaOCl:x %Er3? nano-

structures strongly depends on the doping concentration of

Er3? ions. The dependence of the intensity of the emission

peaks (both green and red emission) on Er3? ions con-

centration in LaOCl:x %Er3? nanofibers and nanobelts are

shown in Fig. 8a, b, respectively. It can be seen that the

emission peaks intensity increases with Er3? ions concen-

tration from 0.5 to 5 % and decreases with further

increasing in the Er3? ions concentration from 5 to 7 %.

The results can be interpreted by the internal concentration

quenching. The concentration quenching mechanism is

generally associated with ET. Non-radiative ET process

from a Er3? ion to another Er3? ion may be described by

three different methods: (1) exchange interaction; (2)

radiation reabsorption; (3) multipolar interaction [25].

While considering the mechanism of ET in LaOCl:Er3?

nanostructures, the concentration quenching can be

explained in more detail by critical distance (Rc), and the

critical distance (Rc) between Er3? ions for ET can be

calculated using the formula that was proposed by Blasse

and Grabmaier as below [26]:

Rc ¼ 2� 3V=4pXcNð Þ1=3

where V is the volume of the unit cell, Xc is the critical

concentration of activator ions, and N is the number of

formula available crystallographic sites occupied by the

activator ions in the unit cell. In case of LaOCl:Er3?

nanostructures, Xc = 0.05, V = 0.1149 nm3, and N = 4.

Therefore, the average distance Rc between Er3? ions is
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Fig. 3 SEM images of LaOCl:5 %Er3? nanofibers (a) and nanobelts (b)
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calculated to be 1.0314 nm. The ratio of green to red

emission intensity (fg/r) monotonously decreases with Er3?

concentration from 0.5 to 7 %. The fg/r of the LaO-

Cl:x %Er3? (x = 0.5, 1, 3, 5 and 7) nanofibers respectively

are 5.46, 4.92, 2.60, 1.40 and 1.27, as shown in Fig. 8c.

Similarly, the fg/r of the LaOCl:x %Er3? (x = 0.5, 1, 3, 5

and 7) nanobelts respectively are 4.88, 4.19, 1.63, 1.40 and

1.22, as shown in Fig. 8d.

For comparison, the UC emission spectra of LaO-

Cl:5 %Er3? nanofibers and nanobelts under the excitation

of a 980-nm DL with the same pump power are shown in

Fig. 9. It can be found that the nanobelts have higher UC

emission (both red and green) intensity than the nanofibers.

It is known that the specific surface area of materials

increases with the decrease of size [27]. A large number of

defects are introduced into LaOCl:5 %Er3? nanostructures

due to the large surface area. Defects as quenching centers

have severe drawback for luminescence intensity of

nanomaterials because they provide nonradiative recom-

bination centers for electrons and holes [28]. The BET

specific surface areas of LaOCl:5 %Er3? nanofibers and

nanobelts are determined to be 27.52 and 15.29 m2/g.

Therefore, LaOCl:5 %Er3? nanobelts have the smaller

quantity of defects due to the smaller specific surface area

than the nanofibers, as a result, the nanobelts have stronger

UC luminescence intensity than the nanofibers. The same

phenomena are obtained for other series of LaO-

Cl:x %Er3? (x = 0.5, 1, 3 and 7) nanostructures.

To understand the physical mechanisms of the UC

luminescence described above, especially the prominent

enhancement of red UC emission, the emission intensities

were measured as a function of the pump power to

Fig. 5 TEM images of LaOCl:5 %Er3? nanofibers (a) and nanobelts (b)
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determine the number of the photons responsible for the

visible emission. For the upconversion process, the up-

converted emission intensity (Iup) depends on the pump

power (P) according to the following relation:

Iup / Pn

where n is the number of pump photons required. Figure 10a

shows the UC emission spectra of the LaOCl:5 %Er3?

nanofibers under the excitation of a 980-nm DL with dif-

ferent pump power. A plot of natural logarithm Iup versus

natural logarithm Pn pump yields a straight line with slope n,

as shown in Fig. 10b. It can be seen that the slopes (values

of n) obtained are 1.94 and 1.95 for the green emission

transition (2H11/2, 4S3/2 ? 4I15/2) and red emission transition

(4F9/2 ? 4I15/2), respectively. Generally, a straight line with

the slope *2 for the upconversion luminescence indicates

that two photons involve in this upconversion luminescence

process. Therefore, our results reveal that two photons pro-

cess should be mainly responsible for the green and red

emissions of the LaOCl:5 %Er3? nanofibers, and the green

UC emission is predominant. Similarly, the UC emission

spectra of LaOCl:5 %Er3? nanobelts under the excitation of

a 980-nm DL with different pump power are shown in

Fig. 11a, and the natural logarithmic plots of the UC emis-

sion intensities as a function of the pump power are also

given in Fig. 11b. The values of n for the UC luminescence

of the red emission transition (4F9/2 ? 4I15/2) and the green

emission transition (2H11/2, 4S3/2 ? 4I15/2) are 1.92 and 2.25,

respectively. It is clearly found that the two-photon process

contributes to the red and green emission, and the green UC

emission is predominant.

3.4 Upconversion luminescent mechanisms

of LaOCl:Er3? nanostructures

In principle, four basic population mechanisms may be

involved in the UC process, namely ground state absorp-

tion (GSA), excited state absorption (ESA), ET and PA

[11, 29]. We can immediately rule out PA as a mechanism

of UC in LaOCl:Er3? nanostructures because no inflection

point was observed in the power study. The ET process can

be excluded because no sensitizer in the system. The two

photon process in LaOCl:Er3? nanostructures may happen

via the following GSA and ESA processes, and their pos-

sible schematic diagram is shown in Fig. 12. It can be seen

that Er3? ions are excited from the ground state to the 4I11/2

state by GSA, then the ions in 4I11/2 level rise to 4F7/2 level

via the ESA. The Er3? ions at 4F7/2 level undergo multi-

phonon relaxation to the green luminescent 2H11/2 and 4S3/2
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levels, and the green emission bands are yielded through

the transitions of 4S3/2 ? 4I15/2 and 2H11/2 ? 4I15/2. The

red emission bands centered at 671 nm originate from the

transition from the 4F9/2 to 4I15/2, as the 4F7/2 and 4F9/2

levels are separated by a relatively high energy gap, the

possibility for the thermal relaxation between them will be

low. Therefore, the intensity of red emission peaks is

weaker than that of green emission peaks.

3.5 Near-infrared luminescence analysis

Figure 13 shows the near-infrared emission spectra around

1.51 lm for LaOCl:x %Er3? (x = 0.5, 1, 3, 5 and 7)

nanofibers, nanobelts and LaOCl:5 %Er3? nanostructures

with different morphology under the excitation of a

532-nm laser. The Er3? ions are promoted to the excited

state 4I11/2 from the ground state 4I15/2 by GSA process.

The electrons in 4I13/2 level are achieved by non-radiative

relaxation from 4I11/2 level and give the characteristic

emission at 1.51 lm via the radiative transition from 4I13/2

state to ground state. In addition, the spectral shape and

position of emission peaks do not vary with the doping

concentration of Er3? ions and morphologies of nanoma-

terials, but the intensity of emission peaks strongly depends

on the doping concentration of Er3? ions and morphologies

of nanomaterials. In summary, the strongest emission

spectra can be obtained when the doping molar concen-

tration of Er3? ions is 5 % for LaOCl:x %Er3? nanofibers

and nanobelts, as revealed in Fig. 13a, b. The nanobelts

have higher near-infrared emission intensity than the

nanofibers, as shown in Fig. 13c.

3.6 CIE analysis

Generally, color is represented by the Commission Inter-

nationale de L’Eclairage (CIE) chromaticity coordinates

and color ratios. The chromaticity coordinates have been

calculated from the emission spectra by the method

described in previous paper [30]. For the LaOCl:x %Er3?

(x = 0.5, 1, 3, 5 and 7) nanofibers, the chromaticity

coordinates (X, Y) are determined to be [(0.256, 0.663),

(0.246, 0.717), (0.261, 0.702), (0.294, 0.674) and (0.301,

0.646)], which correspond to the Er3? concentration of 0.5,

1, 3, 5 and 7 %, respectively. Obviously, the emission

colors of LaOCl:x %Er3? nanofibers are obviously green to

the naked eye, as shown in Fig. 14a. Similarly, CIE chro-

maticity coordinates diagram for LaOCl:x %Er3?

(x = 0.5, 1, 3, 5 and 7) nanobelts was shown in Fig. 14b.
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Their emission colors appear in the green region, and the

chromaticity coordinates (X, Y) are [(0.263, 0.641), (0.255,

0.703), (0.284, 0.694), (0.306, 0.671) and (0.311, 0.656)],

which correspond to the Er3? concentration of 0.5, 1, 3, 5

and 7 %, respectively. According to the above results, it

can be found that the emission colors of LaOCl:x %Er3?

nanomaterials can be tuned by changing the concentration

of Er3? ions, which is considered to be a promising can-

didate for application in LEDs.

4 Conclusions

One-dimensional pure tetragonal phase LaOCl:Er3?

nanofibers and nanobelts have been successfully synthe-

sized by electrospinning technique in conjunction with a

double-crucible chlorination technique. The diameter of the

LaOCl:Er3? nanofibers is 161.15 ± 18.11 nm, the width

and thickness of the nanobelts are 6.11 ± 0.19 lm and

116 nm, respectively. Under the excitation of a 980-nm DL,

LaOCl:Er3? nanostructures exhibit the green and red UC

emissions centering at 525 nm, 548 nm and 671 nm,

respectively attributed to 2H11/2 ? 4I15/2, 4S3/2 ? 4I15/2

and 4F9/2 ? 4Il5/2 transitions of Er3?. The relative intensi-

ties of green and red emissions vary obviously with the

addition of Er3? ions, and the optimum molar percentage of

Er3?/(La3??Er3?) ions was 5 % in the LaOCl:Er3? nano-

structures. The LaOCl:x %Er3? nanobelts have higher UC

emission (both red and green) intensity than the counterpart

nanofibers. The near-infrared characteristic emission of

predominant peak at 1.51 lm of LaOCl:Er3? nanostruc-

tures is achieved under the excitation of a 532-nm laser.

Color-tuned luminescence can be obtained by changing the

doping concentration of Er3? ions.
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