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Abstract LaOI:Tb3? nanomaterials including nanofibers,

nanobelts, and hollow nanofibers were successfully syn-

thesized by electrospinning combined with a double-cru-

cible iodination method using NH4I as iodine source for the

first time. X-ray diffractometry analysis revealed that

LaOI:Tb3? nanostructures were phase-pure tetragonal

structure with space group of P4/nmm. Scanning electron

microscopy analysis showed that the diameters of

LaOI:Tb3? nanofibers, hollow nanofibers and the width of

nanobelts were respectively 199.5 ± 30, 376.05 ± 48 nm

and 5.2 ± 1.3 lm under the 95 % confidence level. The

thickness of the tubewall for hollow nanofibers was

40.5 nm and the thickness of LaOI:Tb3? nanobelts was

154 nm. Photoluminescence (PL) study demonstrated that

the LaOI:Tb3? nanomaterials exhibited the emission peaks

located at 485, 544, 583 and 625 nm, which were ascribed

to 5D3 ? 7F1, 6, 5D4 ? 7F5, 5D4 ? 7F4 and 5D4 ? 7F3 of

energy level transitions of Tb3?, respectively. The PL

intensity was strongly affected by the Tb3?-doping con-

centration, and the optimum quenching concentration was

9 %. The luminescence intensity of LaOI:Tb3? nanofibers

was obviously stronger than that of LaOI:Tb3? hollow

nanofibers and nanobelts under the same measuring con-

ditions. Commission Internationale de L’Eclairage (CIE)

analysis demonstrated that the luminescence color of

LaOI:9 % Tb3? nanostructures were located in the green

region in CIE chromaticity coordinates diagram. The pos-

sible formation mechanisms of LaOI:Tb3? one dimen-

sional nanomaterials were also proposed.

1 Introduction

In recent years, rare earth (RE) ions-doped luminescent

materials have attracted much attention of the scientists due

to their significant advantages, such as low cost, excellent

luminescent efficiency, color purity, thermal stability, and

good electrochemical performance [1–3]. They have

potential applications as light emitting diode (LED) [4–6],

laser materials [7, 8], optical signal amplification and

fluoroimmunoassay [9]. Terbium ions doped luminescent

materials are of both fundamental and technical interest

due to their characteristic luminescence properties, such as

extremely sharp emission bands, high photochemical sta-

bility, long luminescence lifetimes (up to several micro-

seconds), and potential high internal quantum efficiency

[10]. So far, many Tb3? doped materials have been syn-

thesized, such as, Y2O3:Tb3? [11], LaOBr:Tb3? [12],

CaF2:Ce3?/Tb3? [13], Sr2B2O5:Tb3 ?, Li? [14], etc.

Nanofiber, hollow nanofiber and nanobelt are new kinds of

one-dimensional nanomaterials with special morphologies.

They have attracted increasing interest of scientists owing to

their anisotropy, large length-to-diameter ratio and width-to-

thickness ratio, unique optical, electrical and magnetic per-

formances [15–23]. Research on the fabrication and properties

of nanofibers, hollow nanofibers and nanobelts hasbecome one

of the popular subjects of study in the realm of nanomaterials.

Electrospinning is an outstanding technology to process

viscous solutions or melts into continuous fibers with

diameters ranging from micrometer to submicron or

nanometer. This method attracts extensive academic

investigations, and is also applied in many areas, such as

filtration [24, 25], optical and chemical sensors [26], bio-

logical scaffolds [27, 28] and electrode materials [29, 30].

As reported, LaOI could be used as an effective host for

rare-earth activators and may have potential application in

S. Wu � X. Dong (&) � J. Wang � Q. Kong � W. Yu � G. Liu

Key Laboratory of Applied Chemistry and Nanotechnology at

Universities of Jilin Province, Changchun University of Science

and Technology, Changchun 130022, China

e-mail: dongxiangting888@163.com

123

J Mater Sci: Mater Electron (2014) 25:1053–1062

DOI 10.1007/s10854-013-1686-0



manufacturing X-ray intensifying screen. So far, LaOI

powder has been prepared via direct solid-state reaction at

high temperature [31, 32], as follows: La2O3 and NH4I

were mixed and reacted in argon flow at 1,000 �C for 10 h

[31], or KI and KNO3 were added into the mixture as

cosolvent [32]. Nevertheless, LaOI:Tb3? one-dimensional

nanomaterials cannot be easily prepared using this process,

if La2O3:Tb3? nanomaterials were directly mixed with

NH4I powders, the nanomaterials will be cut into pieces by

the melted NH4I. Hence, traditional solid-state method is

not suitable for prepare LaOI:Tb3? one-dimensional

nanostructures, the fabrication of pure-phase LaOI:Tb3?

one-dimensional nanostructures remain a challenging and

meaningful subject of study.

In this paper, Tb3?-doped La2O3 nanofibers, hollow

nanofibers, and nanobelts were successfully prepared by

calcining the electrospun (PVP)/[La(NO3)3 ? Tb(NO3)3]

composites, and LaOI:Tb3? nanofibers, hollow nanofibers,

and nanobelts were fabricated by iodination of La2O3:Tb3?

one-dimensional nanostructures under argon atmosphere.

The morphology, structure and Photoluminescence (PL)

properties of the resulting samples were investigated in

detail. In addition, the formation mechanism of LaOI:Tb3?

nanostructures were also presented.

2 Experimental sections

2.1 Materials

Polyvinyl pyrrolidone (Mw = 90,000 and 10,000, AR),

N,N-dimethylformamide (DMF, AR) and ammonium

iodide (NH4I, AR) were purchased from Tianjin Tiantai

Chemical Co. Ltd. Lanthanum oxide (La2O3, 99.99 %) and

terbium oxide (Tb4O7, 99.99 %) were supplied by China

Pharmaceutical Group Shanghai Chemical Reagent Com-

pany. Nitric acid (HNO3, AR) was bought from Beijing

chemical Co. Ltd. All chemicals were directly used as

received without further purification.

2.2 Preparation of LaOI:x %Tb3? nanofibers

La2O3:x % Tb3?[x = 1, 3, 5, 7, 9 and 11, x stands for molar

ratio of Tb3?/(Tb3??La3?)] nanostructures were prepared

by calcining the electrospun PVP/[La(NO3)3 ? Tb(NO3)3]

composites. In the typical procedure of preparing repre-

sentative La2O3:9 % Tb3? nanofibers, 0.8184 g of La2O3

and 0.0763 g of Tb4O7 were dissolved in dilute HNO3 (1:1,

volume ratio) at elevated temperature to form RE(NO3)3�
6H2O (RE = La3?, Tb3?) through evaporating excess

HNO3 and water from the solution, then the obtained

RE(NO3)3�6H2O was dissolved in 16.3996 g of DMF, and

then 1.8004 g of PVP (Mw = 90,000) was added into the

above solution under stirring for 4 h to form homogeneous

transparent spinning solution. In spinning solution, the mass

ratio of PVP, RE nitrate and DMF was 9:9:82. Subsequently,

the PVP/[La(NO3)3 ? Tb(NO3)3] composite nanofibers

were obtained by electrospinning of the spinning solution at

room temperature under the direct current high-voltage of

12.4 kV, and the distance between the spinneret and col-

lector was fixed at 20 cm. Finally, La2O3:9 %Tb3? nanofi-

bers were prepared by calcining PVP/[La(NO3)3 ?

Tb(NO3)3] composite nanofibers at 700 �C for 8 h with a

heating rate of 1 �C/min in air. LaOI:9 %Tb3? nanofibers

can be prepared by iodating La2O3:9 %Tb3? nanofibers with

NH4I as iodization agent, described as following:

La2O3:9 %Tb3? nanofibers were loaded into a small cruci-

ble, then the small crucible was placed into a big crucible,

and then excessive NH4I was added into the space between

the two crucibles, the big crucible was covered with its lid.

Then the samples were annealed at 800 �C for 4 h with a

heating rate of 2 �C/min under argon atmosphere, the iodi-

zation temperature was decreased to 200 �C at a rate of 2 �C/

min, and then down to room temperature naturally. Thus,

LaOI:9 %Tb3? nanofibers were successfully acquired.

Other series of LaOI:x %Tb3? (x = 1, 3, 5, 7 and 11) of

nanofibers were prepared by the similar procedure except for

different doping concentration of Tb3? ions.

2.3 Fabrication of LaOI:9 %Tb3? nanobelts

and hollow nanofibers

LaOI:9 %Tb3? nanobelts and hollow nanofibers were also

formed by adjusting the ratios of inorganic salts, DMF,

PVP and the electrospinning parameters in the above

procedures. The molecular weight of PVP added into the

spinning solution for preparing nanobelts and hollow

nanofibers were 90,000 and 10,000, respectively. The

compositions of spinning solutions and the experimental

conditions were summarized in Table 1. Other processes

of preparations followed the same procedures of prepa-

ration for LaOI:9 %Tb3? nanofibers, as described in the

Sect. 2.2.

3 Characterization

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 morphologies and sizes of

the samples were investigated 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). PL

measurements of samples were recorded on a Hitachi

F-7000 fluorescence spectrophotometer using an Xe lamp
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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 Co. Ltd.

4 Results and discussion

4.1 Crystal structure

Figure 1 shows the XRD patterns of the LaOI nanofibers

doped with different molar concentration of Tb3? ions. As

seen from Fig. 1, well-defined diffraction peaks are

acquired, all of which can be readily indexed to those of the

pure phase LaOI with tetragonal structure according to the

PDF standard card No.73-2065 (LaOI) and the space group

is P4/nm, the characteristic diffraction peaks are located near

2h = 29.15�, 30.55�, 36.5�, 45.3�, 43.8�, 50.6� and 53.35�.

No diffraction peaks of any other phases or impurities are

detected, indicating that La3? ions may be substituted by

Tb3? ions successfully to form the luminescence centre

because of the similar radius between La3? ions and Tb3?

ions [radius(La3?) = 0.106 nm, radius(Tb3?) = 0.092 nm].

However, the diffraction peaks of LaOI:x %Tb3? nanofibers

slightly shift, as seen from the inset of Fig. 1, meaning that

the lattice constants of LaOI:x %Tb3? nanostructures will

be slightly changed. The lattice constants were calculated

using the following expression:

Sin2h ¼ k=2að Þ2� h2 þ k2
� �

þ ðk=2cÞ2 � l2 ð1Þ

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

indexes. The results are summarized in Table 2. The sim-

ilar structures were obtained for the LaOI:9 %Tb3?

Table 1 Compositions of the spinning solutions and conditions of electrospinning

Sample Nitrates (g) PVP (g) DMF (g) Stirring

time (h)

Voltage

(kV)

Distance (cm) Room

Temperature (�C)

Relative

humidity (%)

Nanofibers 1.8 1.8 16.4 4 12.4 20 20–25 25–40

Nanobelts 1.8 3.6 12.6 12 8.0 16 20–25 35–50

Hollow nanofibers 1.8 4.2 6 12 13.0 18 18–25 50–70
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Fig. 1 XRD patterns of LaOI: x %Tb3? nanofibers (x = 1, 3, 5, 7, 9

and 11) with PDF standard card of LaOI

Table 2 Lattice constants of LaOI:x %Tb3? (x = 1, 3, 5, 7, 9 and 11)

nanofibers

X 2-Theta

(�)

h k l Lattice

constants (Å)

1 29.1 0 1 2 a = b = 4.1416

30.5 1 1 0 c = 9.1225

3 29.1 0 1 2 a = b = 4.1416

30.5 1 1 0 c = 9.1225

5 29.15 0 1 2 a = b = 4.1350

30.55 1 1 0 c = 9.1061

7 29.1 0 1 2 a = b = 4.1305

30.55 1 1 0 c = 9.1400

9 29.15 0 1 2 a = b = 4.1416

30.5 1 1 0 c = 9.0886

11 29.15 0 1 2 a = b = 4.1305

30.55 1 1 0 c = 9.1061
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Fig. 2 XRD patterns of LaOI:9 %Tb3? nanofibers, nanobelts and

hollow nanofibers with PDF standard card of LaOI
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nanofibers, nanobelts and hollow nanofibers, as manifested

in Fig. 2. It is found that the diffraction angles do not

change, indicating that they have same structures.

4.2 Morphology

Figure 3a, d, g show SEM images of PVP/[La(NO3)3 ?

Tb(NO3)3] composite nanostructures, respectively. As seen

from the images, the nanostructures have smooth surface.

After annealing at 800 �C, as-formed La2O3:9 %Tb3?

nanofibers, hollow nanofibers and nanobelts have relatively

smooth surface, as shown in Fig. 3b, e, h. Meanwhile, one

can see that the hollow nanofibers exhibit hollow-centered

fibrous structure. Figure 3c, f, i manifest the SEM images

of LaOI:9 %Tb3? nanofibers, hollow nanofibers and

nanobelts, they have coarse surface. Under the 95 % con-

fidence level, the diameters of those nanofibers and hollow

nanofibers, the width of the nanobelts analyzed by Shap-

iro–Wilk method are normal distribution. Histograms of

diameters and width distribution of the nanostructures are

a b c

d e f

g h i

Fig. 3 SEM images of [PVP/[La(NO3)3 ? Tb(NO3)3] composite

nanofibers (PVP Mw = 90,000) (a), La2O3:9 %Tb3? nanofibers (b),

LaOI:9 %Tb3? nanofibers (c), [PVP/[La(NO3)3 ? Tb(NO3)3] com-

posite nanofibers (PVP Mw = 10,000) (d), La2O3:9 %Tb3? hollow

nanofibers (e), LaOI:9 %Tb3?hollow nanofibers (f), [PVP/

[La(NO3)3 ? Tb(NO3)3] composite nanobelts (g), La2O3:9 %Tb3?

nanobelts (h), and LaOI:9 %Tb3? nanobelts (i)
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Fig. 4 Histograms of diameter distribution of [PVP/[La(NO3)3 ?

Tb(NO3)3] composite nanofibers (PVP Mw = 90,000) (a),

La2O3:9 %Tb3? nanofibers (b), LaOI:9 %Tb3? nanofibers (c), [PVP/

[La(NO3)3 ? Tb(NO3)3] composite nanofibers (PVP Mw = 10,000)

(d), La2O3:9 %Tb3? hollow nanofibers (e), LaOI:9 %Tb3?hollow

nanofibers (f), and width distribution histograms of [PVP/

[La(NO3)3 ? Tb(NO3)3] composite nanobelts (g), La2O3:9 %Tb3?

nanobelts (h), and LaOI:9 %Tb3? nanobelts (i)
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shown in Fig. 4. As seen from Fig. 4, the diameters of

LaOI:9 %Tb3? nanofibers, hollow nanofibers and the width

of LaOI:9 %Tb3? nanobelts are 199.5 ± 30, 376.05 ±

48 nm and 5.2 ± 1.3 lm, respectively. SEM images show,

after the iodization, the diameter of LaOI:9 %Tb3?

nanofibers is smaller than that of La2O3:9 %Tb3? nanofi-

bers [33], and the surface of LaOI:9 %Tb3? nanofibers is

coarser than La2O3:9 %Tb3? nanofibers. The thickness of

the LaOI:Tb3? nanobelts and the tubewall thickness of the

hollow nanofibers are 154 and 40.5 nm, respectively.

4.3 Energy dispersive spectrum analysis

EDS spectra of [La(NO3)3 ? Tb(NO3)3]/PVP, La2O3:9 Tb3?,

LaOI:9 %Tb3? nanofibers, hollow nanofibers and nanobelts

are shown in Fig. 5. EDS spectra show that C, N, O, La and Tb

are main elements in composite nanofibers, C, O, La and Tb in

La2O3:9 %Tb3? nanofibers, C, O, I, La, and Tb elements in

LaOI:Tb3? nanofibers and hollow nanofibers, and O, I, La, and

Tb elements in LaOI:Tb3? nanobelts. In the LaOI:9 %Tb3?

nanofibers and hollow nanofibers, C element comes from the

used carbon rod. The peak of Au is from the conductive film of

Au plated on the sample. The [La(NO3)3 ? Tb(NO3)3]/PVP

and La2O3:9 %Tb3? hollow nanofibers and nanobelts have the

similar EDS spectra compared with the nanofibers. No other

elements are found in the samples, indicating that the

LaOI:9 %Tb3? nanostructures are highly pure.

4.4 Photoluminescence properties

Figure 6 shows the PL excitation (monitored by 544 nm)

and emission (excited by 264 nm) spectra of the

LaOI:9 %Tb3? nanofibers. As seen from Fig. 6a, the

excitation spectrum exhibits two broad bands in the range

from 210 nm to 280 nm. The weak broadband at about

217 nm is due to the spin-allowed transition from 4f8

configuration to 4f75d configuration of Tb3? ions. The

strong broadband at ca. 264 nm is assigned to the spin-

forbidden transition of Tb3? ions. It is found from Fig. 6b

that the emission spectrum consists of six main peaks at

417, 439, 485, 544, 583, and 625 nm, which originate from

the 5D3 ? 7FJ (J = 5, 4) and 5D4 ? 7FJ(J = 6, 5, 4, 3)

transitions of Tb3? ions, respectively. Among these emis-

sion peaks, the green emission at 544 nm attributed to
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Fig. 5 EDS spectra of PVP/[La(NO3)3 ? Tb(NO3)3] composite nanofibers (a), La2O3:9 %Tb3? nanofibers (b), LaOI:9 %Tb3? nanofibers (c),

LaOI:9 %Tb3? hollow nanofibers (d) and LaOI:9 %Tb3? nanobelts (e)
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5D4 ? 7F5 energy level transition of Tb3? ions is the

strongest one. As shown in Fig. 7, the spectral shape and

position of excitation and emission peaks do not vary with

the doping concentrations of Tb3? ions for LaOI:x %Tb3?

nanofibers, but the intensity of excitation and emission

peaks for LaOI:x %Tb3? nanofibers strongly depends on

the doping concentration of Tb3? ions and the strongest

excitation and emission spectra can be obtained when the

doping molar concentration of Tb3? ions is 9 %. Obvi-

ously, the luminescence intensity of LaOI:Tb3? nanofibers

is increased with the increase of the concentration of Tb3?

ions from the beginning, reaches a maximum value with

the Tb3? ions concentration of 9 %, and then decreases

with the further increase in Tb3? concentration, indicated

that the optimum molar concentration of Tb3? ions is 9 %.

As shown in Fig. 8, the PL decay curves of LaOI:x %Tb3?

nanofibers with different concentration of Tb3? ions (1, 3,

5, 7, 9, and 11 %), are used to calculate the lifetime and to

investigate the luminescence dynamics of these samples.

All the samples are excited by 264 nm and monitored at

544 nm. The curves follow the single-exponential decay:

It ¼ I0 exp �t = ið Þ ð2Þ

In the above formula, It is the intensity at time t, I0 is the

intensity at t = 0, and i is the decay lifetime. The corre-

sponding luminescence lifetime values of LaOI:x %Tb3?

nanofibers are 1.45, 1.57, 1.66, 1.52, 1.61, and 1.67 ms

corresponding to the Tb3? concentration of 1, 3, 5, 7, 9 and

11 %, respectively.

Figure 9 demonstrates the comparisons among the emis-

sion spectra and excitation spectra of the LaOI:9 %Tb3?

nanostructures with different morphologies measured under

the same conditions. From Fig. 9, one can see that

LaOI:9 %Tb3? nanofibers have higher PL intensity than that

of hollow nanofibers and nanobelts. The result can be

interpretated by two diverse factors. Generally, the crystal-

linity of materials has a crucial impact on the luminescence

intensity, the higher the crystallinity, the stronger the PL

intensity. The order of the crystallinity of the nanomaterials is

nanofibers, nanobelts then hollow nanofibers. Therefore, the

sequence of PL intensity is nanofibers, nanobelts then hollow

nanofibers. It is known that the specific surface area of

materials increases with the decrease of size [34]. A large

number of defects are introduced into LaOI:9 %Tb3? nano-

structures due to the large surface area. Defects as quenching

centers have severe drawbacks in luminescence intensity for

nanomaterials because they provide nonradiative recombi-

nation centers for electrons and holes [35]. The specific sur-

face areas of the LaOI:9 %Tb3? nanofibers, nanobelts and

hollow nanofibers determined by BET method were 4.53,

16.41 and 24.56 m2/g, respectively. Therefore,

LaOI:9 %Tb3? nanofibers have the smallest quantity of

defects due to the smallest specific surface area, as a result, the

nanofibers have the strongest PL intensity, in the similar way,

the hollow nanofibers have the weakest PL intensity.

As shown in Fig. 10, the PL decay curves of

LaOI:9 %Tb3? nanostructures are used to calculate the life-

time and to investigate the luminescence dynamics of these

samples. All the samples are excited by 264 nm and moni-

tored at 544 nm. The curves follow the single-exponential

decay as formula (2). The corresponding fluorescence life-

time values of LaOI:9 %Tb3? nanofibers, nanobelts, and

hollow nanofibers are 1.61, 1.83, and 1.90 ms, respectively.

In general, color can be represented by the Commission

Internationale de L’Eclairage (CIE) 1931 chromaticity coor-

dinates. Figure 11a shows the chromaticity coordinates of

LaOI:1 %Tb3? (0.181, 0.204), LaOI:3 %Tb3? (0.205, 0.321),

LaOI:5 %Tb3? (0.245, 0.495), LaOI:7 %Tb3? (0.235, 0.458),

LaOI:9 % Tb3? (0.249, 0.527) and LaOI:11 % Tb3? (0.253,

0.547) nanofibers. Among these nanofibers, LaOI:1 %Tb3?

and LaOI:3 %Tb3? nanofibers show nearly blue emission

owing to the presence of stronger emission arising from
5D3 ? 7FJ transitions of Tb3? ions. The chromaticity coordi-

nates of LaOI:9 %Tb3? nanofibers (0.249, 0.527), nanobelts

(0.256, 0.560), and hollow nanofibers (0.257, 0.560) are rep-

resented in Fig. 11b. They exhibit green emissions. These

results indicate that the color emissions can be tuned by

changing the concentration of doping activator ions and the

morphologies of nanomaterials. These as-obtained nanostruc-

tures could show merits of green emissions, which is consid-

ered to be a promising candidate for application in LEDs.

4.5 Formation mechanism for LaOI:Tb3?

nanostructures

Formation mechanisms of LaOI:Tb3? nanostructures are

shown in Fig. 12. In the processes (1) and (2), La(NO3)3,

Tb(NO3)3 and PVP (Mw = 90,000) were mixed with DMF
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to form spinning solution with certain viscosity. PVP acted

as template during the formation of PVP/[La(NO3)3 ?

Tb(NO3)3] composite nanofibers and nanobelts. La3?,

Tb3? and NO3
– were mixed or absorbed onto PVP to form

composite nanofibers and nanobelts via electrospinning.

Some solvent was volatilized in the electrospinning

process. PVP, NO3
– and residual solvent were decomposed

and eventually evaporated from the composite fibers and

belts during the calcinations process. With the increase in

the calcining temperature, La3?/Tb3? can combine with

O2, coming from air, to form La2O3:Tb3? crystallites, and

then many crystallites combined into nanoparticles, and

finally these nanoparticles mutually connected to generate

La2O3:Tb3? nanofibers and nanobelts.

It is different that the molecular weight of PVP is 10,000

in the fabrication of the hollow nanofibers. When the PVP/

[La(NO3)3 ? Tb(NO3)3] composite nanofibers were heated

at high temperature, DMF containing anions and cations in

the composite nanofibers would remove to the surface of

the fibers, and eventually evaporate from the composite

fibers. Thus, the anions and cations also removed to the

surface of the composite fibers. With the increase of cal-

cination temperature, PVP, NO3
– would oxidize, and

La2O3:Tb3? crystallites were formed on the surface of

fibers. Many crystallites combined into nanoparticles,

which mutually connected to generate La2O3:Tb3? hollow

nanofibers. We notice that similar formation behaviors of

hollow nanofibers have also been observed when the hol-

low nanofibers of other materials were prepared via

monoaxial electrospinning [36], implying that this
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formation mechanism is of universality. By comparing

formation process of La2O3:Tb3? nanofibers, nanobelts and

hollow nanofibers, we found that the morphologies and

sizes of nanostructures prepared by electrospinning can be

controlled by adjusting molecular weight of PVP and

experimental conditions, such as the precursor solution

viscosity, relative air humidity, the structure of spinneret,

spinning voltage, and the distance between the spinneret

and the collector.

La2O3:Tb3? nanostructures were iodinated using NH4I

as iodination agent. In the iodinated process, NH4I

decomposed into NH3 and HI at about 450 �C. With the

increase of calcination temperature, HI gases react with

La2O3:Tb3? nanomaterials to produce LaOI:Tb3? nanom-

aterials. During the process, NH4I powders and

La2O3:Tb3? nanomaterials were separated by carbon rods

which prevented La2O3:Tb3? nanomaterials from mor-

phology damage. If La2O3:Tb3? nanostructures were

directly mixed with NH4I powders, the nanostructures will

be cut into pieces by the melted NH4I. The double-crucible

method we proposed here is actually a solid–gas reaction,

which has been proved to be an important method, not only

can retain the morphology of La2O3:Tb3? nanomaterials,
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but also can fabricate LaOI:Tb3? nanomaterials with pure

phase at relatively low temperature. Reaction schemes for

formation of LaOI:Tb3? nanomaterials proceed as follows:

PVP= La NO3ð Þ3þTb NO3ð Þ3
� �

þ O2 �!
700�C

CO2 þ H2O þ NO2 þ La2O3 : Tb3þ

NH4I �!450�C
NH3 þ HI

La2O3 : Tb3þ þ 2 HI �!800�C
2 LaOI : Tb3þ þ H2O

5 Conclusions

Tb3?-doped LaOI nanostructures were synthesized by

electrospinning method combined with a double-crucible

iodating method using NH4I as iodination agent. The

diameters of the nanofibers and hollow nanofibers respec-

tively are 206.52 ± 30 and 376.05 ± 48 nm, the width and

thickness of nanobelts respectively are 5.2 ± 1.3 lm and

154 nm. Under the excitation of 264-nm ultraviolet light,

LaOI:9 % Tb3? nanostructures exhibit the characteristic

emissions of predominant peak at 544 nm ascribed to
5D4 ? 7F5 energy level transition of Tb3? ions. The

luminescence intensity of nanofibers is obviously greater

than that of hollow nanofibers and nanobelts under the

same measuring conditions. The color emissions of

LaOI:Tb3? nanostructures can be tuned by changing the

concentration of Tb3? ions and the morphologies of

nanomaterials.
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