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La,0;:Eu®" nanofibers and nanobelts were fabricated by calcination of the respective electrospun PVP/[La(NO;);+Eu(NO3);]
composite nanofibers and nanobelts. For the first time, La,0,CN,:Eu®* nanofibers and nanobelts were successfully prepared via
cyanamidation of La,0;:Eu’" respective nanostructures employing NH; gas and graphite at high temperature. X-ray powder
diffraction (XRD) analysis indicates that LazOZCNZ:Eu3+ nanostructures are tetragonal in structure with space group of I4/mmm.
Scanning electron microscope (SEM) analysis reveals that the thickness and width of the LazOZCNZ:Eu3+ nanobelts are respective
ca.192 nm and 1.67+0.18 pm, and the diameters of La,0,CN,:Eu* nanofibers are 173.61+21.61 nm under the 95% confidence
level. Photoluminescence (PL) analysis manifests that the La,0,CN,:Eu** with different morphologies emits the predominant
emission peaks at 614 nm and 622 nm originated from the energy levels transition Dy—’F, of Eu®" ions under the excitation of
284-nm ultraviolet light. It is found that the optimum doping molar concentration of Eu*" ions for La,0,CN,:Eu*" nanostructures
is 3%. La,0,CN,:Eu’* nanofibers exhibit the stronger PL intensity than the nanobelts under the same doping concentration. CIE
analysis demonstrates that color-tuned luminescence can be obtained by changing the concentration of doping activator ions and
morphologies, which could be applied in the fields of optical telecommunication and optoelectronic devices. The possible
formation mechanisms of La,0,CN,:Eu** nanofibers and nanobelts are also proposed. More importantly, the new strategy and
construct technique are of universal significance to fabricate other rare earth oxycyanamide nanostructures with various

morphologies.

1 Introduction

Recently, inorganic rare earth (RE) compounds containing several
kinds of anions have been paid much attention as optical
materials. Different kinds of anions can make their structure,
physical and chemical properties unique and multiple. The
structure of (REO),X is composed of alternating layers of the
(REO),™ complex cations and X" (X=S, CI, Br, CO;, SO, CN,)
anions!'. The (REO),™ structural unit is very stable, which is
assumed to be the reason for the exceptional luminescence
properties of the RE oxycompounds®”). The exceptional
luminescence and structural properties of the RE oxycompounds
give an excellent opportunity to study the changes in the optical
properties of a given RE*" ion when the structure of the host is
changed®®”). Europium ions doped luminescent materials as the
main and outstanding red emitting phosphors have attracted much
attention of the scientists, and the *Dy—F; (J=0-4) transitions of
Eu’* ions result in important applications in displays®'%,
lasers!'"'?, optical telecommunication!'*), and optoelectronic
devicest™. More recently, their unique advantages have been
envisaged in biosensing and medical diagnosis!'*'*,

Lanthanum oxycyanamide (La,O,CN;) is the new
luminescent matrix, which has potential applications in the fields
of electroluminescent devices, polarizers and laser host materials.
The luminescence properties of Ln,0,CN,:RE*" (Ln=La, Y and
Gd; RE=Pr and Eu) have been reported®*!. All the homologous
Ln,0,CN,:RE*" compounds were synthesized following the
solid-state metathesis (SSM) method, and the morphologies of
the products are only bulk particles. Presently, no reports on the
preparation of La,0,CN,:Eu®" nanofibers and nanoribbons are
found in the literatures.

Nanofiber and nanobelt are new kinds of one-dimensional
nanostructures 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 performances'®*!. Research on
the fabrication and properties of nanofibers and nanobelts has
become one of the popular subjects of study in the realm of
nanomaterials. Electrospinning is one technique that allows
fabrication of continuous fibers with diameters ranging from tens
of nanometers up to micrometers®. It has been found that the
electrospinning technology have already been applied in the
fields of ultrafiltration, tissue engineering, catalysis, as well as
devices that include solar cells, transistors, sensors, memories,
etcl3%1 In this paper, Eu** doped La,0,CN, nanofibers and
nanoribbons were successfully prepared by calcinating the
electrospun PVP/[La(NO;);+Eu(NOs);] composites followed by
cyanamidation, and the structure, morphology and PL properties
of the resulting samples were investigated in detail. In addition,
the formation mechanisms of La,0,CN,:Eu>" nanostructures are
also presented.

2 Experimental Sections
2.1 Chemicals

Polyvinyl pyrrolidone (Mw=90000, AR) were purchased from
Tianjin Bodi Chemical Co. Ltd. N, N-dimethylformamide (DMF,
AR) was bought from Tiantai Chemical Co. Ltd. La,0;(99.99%)
and Eu,0; (99.99%) were supplied by China Pharmaceutical
Group Shanghai Chemical Reagent Company. Nitric acid (HNO;,
AR) was bought from Beijing chemical Co. Ltd. All chemicals
were directly used as received without further purification.

2.2 Fabrication of La,0,CN,:x%Eu®" nanofibers
La,0,CNy:x%Eu’ [x=1, 3, 5, and 7, x stands for molar
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percentage of Eu®" to (Eu’*+La’")] nanofibers were prepared by
calcinating  the electrospun PVP/[La(NOs);+Eu(NOj3);]
composites followed by cyanamidation. In the typical procedure
of preparing representative La,0,CN,:3%Eu®" nanofibers, 0.9716
g of La,O3 and 0.0325 g of Eu,03 were dissolved in dilute HNO3
(1:1, volume ratio) at elevated temperature to form
RE(NOs);'6H,0 powders (RE=La**, Eu’") by evaporating the
excess HNO; and water from the solution by heating. The
RE(NO;);°6H,0 powders were dissolved in 15.8 g of DMF. Then
2.2 g of PVP was added into the above solution under stirring for
4 h to form homogeneous transparent spinning solution. In the
spinning solution, the mass ratio of PVP, rare earth nitrate and
DMEF is 11:10:79. Subsequently, the above spinning solution was
loaded into a hypodermic syringe with a stainless steel needle
(the inner diameter of the stainless steel needles is about 0.5 mm).
The anode of the DC high power supply was connected to the
needle tip of the syringe while the cathode was connected to the
Fe net collector plate. The positive voltage applied to the tip was
13 kV and the solidification distance was 18 cm. The ambient
temperature was 18-25 °C, and the relative humidity was 40%-
60%. The flow rate of the spinning solution was determined by
the contents of PVP in solutions because PVP can adjust the
viscosity of solutions. PVP/[La(NOs);+Eu(NO3);] composite
nanofibers were obtained on the collector with the evaporation of
DMEF. Then the above composite nanofibers were calcined at a
rate of 1 °C/min and remained for 8 h at 700 °C. Thus,
La,05:3%Eu®" nanofibers were obtained. The La,O3:3%Eu’
nanofibers were loaded into a graphite boat-shaped crucible and
then heated to 950 °C at the heating rate of 1 °C/min and
remained for 12 h under a flow of gaseous ammonia. Then, the
calcination temperature was decreased to 200 °C with a rate of
1 °C/min, followed by natural cooling down to room temperature,
and La,0,CN,:3%Eu’* nanofibers were obtained. Other series of
La,0,CN,:x%Eu®" (x=1, 5 and 7) nanofibers were prepared by
the similar procedures except for different doping molar
concentration of Eu®" jons.

2.3 Synthesis of La,0,CN,:3%Eu’*" nanobelts

RE(NO5);'6H,0 (RE = La*', Eu®") powders were prepared by
dissolving 0.9716 g of La,O; and 0.0325 g of Eu,O; in dilute
HNO; (1:1, volume ratio) at elevated temperature. After
evaporating, the obtained RE(NOs;);"6H,O powders were
dissolved in 14.0 g of DMF. Then 4.0 g of PVP was added into
the above solution under stirring for 12 h to form homogeneous
transparent spinning solution. In this spinning solution, the mass
ratio of PVP, rare earth nitrate and DMF is 20:10:70. The positive
voltage applied to the tip was 8 kV and the solidification distance
was 15 cm, and the other preparation conditions were the same as
those for the nanofibers. Thus PVP/[La(NO;);+Eu(NO;);]
composite nanobelts were obtained on the collector with the
evaporation of DMF. Then the above composite nanobelts were
calcined at a rate of 1 °C/min and remained for 8 h at 700 °C, and
La,05:3%Eu® nanobelts were obtained. La,0,CNy:3%Eu’
nanobelts were fabricated through cyanamidation of the obtained
La,05:3%Eu’" nanobelts using the same process, as described in
section 2.2. The variant preparation conditions for preparing the
La,0,CN,:3%Eu*" nanofibers and nanobelts were listed in Table
L.

2.4 Characterization methods

X-ray diffraction (XRD) analysis was performed using a Rigaku
D/max-RA XRD diffractometer with Cu Ka radiation of 0.15406
nm. The size and morphology of the products were investigated
by an XL-30 field emission scanning electron microscope (SEM)
made by FEI Company. The purity of the products was examined

by OXFORD ISIS-300 energy dispersive X-ray spectrometer
(EDX). 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. The
excitation and emission spectra of samples were recorded with a
Hitachi F-7000 fluorescence spectrophotometer using a Xe lamp
as the excitation source. In order to compare the PL intensity of
the samples, all the determination conditions remain identical. All
the measures were performed at room temperature.

Table 1 Preparation conditions of different nanostructures
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anostructures  La;0,CN»:3%Eu’  1.2,0,CN,:3%Eu®
conditions nanofibers

nanobelts
PVP(g) 22 4.0
DMEF(g) 15.8 14.0
Positive voltage(kV) 13 8
Solidification distance(cm) 18 15

3 Results and discussion
3.1 XRD analysis

Fig.1 shows the XRD patterns of the La,0,CN,:Eu®" nanofibers
with different molar concentration of Eu’*. As seen from Fig. 1,
the characteristic diffraction peaks of all samples are observed in
20 range of 10°-90°, all of which can be readily indexed to those
of the tetragonal crystal phase with primitive structure of
La,0,CN,; (PDF No. 83-0304), and the space group is [4/mmm.
No other impurity phase can be detected at the current doping
concentrations, indicating that the Eu®" ions are completely
inserted into the La,0,CN, host lattice through replacing the La®*
ions. However, the diffraction peaks of all samples are shifted to
the higher diffraction angles compared with those of the
La,0,CN, (PDF No. 83-0304), as shown in the insets of Fig. 1, 2,
due to the different ionic radii between La*" and Eu®*, meaning
that the lattice constants of La,O,CN,:Eu®" nanostructures have
been slightly changed. The lattice constants are calculated using
the following expression:

sin0=( A2a)f’ x (WP +K)+( A1/2¢)* <P

where A value is 1.5406 A, h, k and 1 are diffraction indexes, and
the lattice constants of La,0,CN,:Eu®" nanofiber are a=b=4.07 A
and c=12.21 A, respectively. The same structures are obtained for
the LaZOQCNZ:S%Eu3 * nanofiber and nanobelts, as manifested in
Fig.2.
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Fig. 1 XRD patterns of La,0,CN,:x%Eu’" nanofibers [x = 1 (a), 3 (b), 5
(c) and 7 (d)] with PDF standard card of La,0,CN,
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Fig. 2 XRD patterns of La,0,CN,:3% Eu*" nanobelts (a) and nanofibers
(b) with PDF standard card of La,O,CN,

3.2 Morphology observation

The morphologies of the products are characterized by scanning
electron microscope (SEM). Fig. 3 demonstrates the
representative  SEM images of the composite nanofibers,
composite nanobelts, La,0,CN,:3%Eu®"  naonofibers and
La,0,CN»:3%Eu’" nanobelts. From the SEM image of Fig. 3a, it
can be noticed that the PVP/[La(NOs);+Eu(NO3);] composite
nanofibers have smooth surface and uniform diameter. After
annealing and cyanamidation at 950°C, the diameters of the
nanofibers greatly decrease due to loss of the PVP and associated
organic components, as-formed La,0,CN»:3%Eu®" nanofibers
have relatively smooth surface and uniform diameter ranging
from 120 nm to 230 nm, as revealed in Fig.3b. The SEM image
of PVP/[La(NOj;);+Eu(NO;);] composite nanobelts with the
thickness of 230 nm (shown in the inset of Fig. 3¢) is manifested
in Fig. 3c, the composite nanobelts are smooth and uniform.
Clearly, uniform La,0,CN,:3%FEu*" nanobelts with the thickness
of 192 nm are synthesized and have relatively smooth surface, as
indicated in Fig. 3d. Preliminarily, we can conclude that the
cyanamidation process can retain the morphologies of the
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Fig. 3 SEM images of PVP/[La(NO;);+Eu(NOs);] composite
nanofibers (a), La,0,CN,:3%Eu’" nanofibers (b),
PVP/[La(NO;);+Eu(NO;);] nanobelts (c) and
La,0,CN:3%Eu’** nanobelts (d)

Under the 95% confidence level, the diameters of composite
nanofibers and La,0,CN,:3%Eu®" nanofibers, the widths of
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composite nanobelts and La,0,CN,:3%Eu*" nanobelts analyzed
by Shapiro-Wilk method are normal distribution. Distribution
histograms of diameters and widths of the nanostructures are
indicated in Fig. 4. As seen from Fig. 4, the diameters of
composite nanofibers and as-formed La,0,CNy:3%Eu’"
nanofibers, the widths of composite nanobelts and
La,0,CN,:3%Eu’ nanobelts are 210.14+15.08 nm, 173.61+21.61
nm, 10.82+0.38 pm and 1.67+0.18 pm, respectively.

The elementary compositions of La,0,CN,:3%Eu®*
nanofibers and La,0,CN»:3%Eu’ nanobelts are further
confirmed by energy dispersive X-ray spectrometer (EDX), as
reveals in Fig.5. The energy dispersive spectra reveal the
presence of La, Eu, O, C and N elements in La,0,CN»:3%Eu’"
nanofibers and nanobelts. The element of Au in the spectra comes
from the Au film coated on the surface of the sample for SEM
observation. No other elements are found in the samples,
indicating that the La,0,CN,:3%FEu’" nanostructures are highly
pure.
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Fig. 5 EDX images of La,0,CN,:3%Eu’" nanofibers (a) and nanobelts (b)
3.3 BET analysis

8 9 10

The specific surface areas of the La,0,CN,:3%Eu*" nanofibers
and nanobelts are determined by BET method. The measured
BET surface area adsorption isotherms of La,0,CN,:3%Eu®
nanostructures are shown in Fig.6. The adsorption saturation
capacity of nanofibers and nanobelts, which are obtained

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3



CrystEngComm Page 4 of 7

respectively from the Fig. 6, are 3.45 mL, 3.15 mL, respectively.
The BET model surface areas are calculated using the following
formula:

BET= [(V,,x107)/22.4] x6.02x10%x1.62x107"
where V,, is the adsorption saturation capacity, and the BET
model surface areas of nanofibers and nanobelts are calculated to
be 15.0 m*>g" and 13.7 m*g", respectively. Remarkably, the
specific surface area of La,0,CN,:3%Eu’" nanofibers is bigger
than that of La,0,CN,:3%Eu’" nanobelts.
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Fig. 6 BET surface area adsorption isotherms of La,0,CNy:3%Eu’
nanofibers (a) and nanobelts (b) 500

3.4 Photoluminescence properties 500 550 600 650 700

Fig.7 illustrates the excitation (monitored by 622 nm) and emission Wavelength(nm)

(excited by 284 nm) spectra of the La,0,CN»:3%Eu’" nanofibers.  Fig. 8 Excitation (a) and Emission (b) spectra of La,0,CNy:Eu®" nanofibers
The excitation spectrum (Fig. 7a) exhibits one broad band in the doped with various concentrations of Eu** ions. The inset is the dependence
range from 250 to 350 nm. The predominant peak at 284 nm is of its PL intensity on the Eu’" content in the La;0,CN, matrix

associated with the charge-transfer band (CTB) of Eu*'-O7, the Fig.8 3+demonstrates. _the PL spectra  of
CTB of La,0,CN,:3%Eu*"corresponds to the electron transition La,0,CN,:Eu nanofibers with different doping concentrations of
from the 2p orbital of O to the 4f orbital of Eu*. In the longer Eu’ ions. It is found that the spectral shape and locations of
wavelength region, the characteristic f-f transition peaks (at 367 ~ Cxcitation and cmission peaks do not vary ;’r‘mh the doping
nm, 'Fo—°D,; 383nm, 'Fo—G, 395nm, 'Fy—’Ls 417nm, concentrations of Eu™" ions for La,0,CN,:Eu™" nanofibers, but

TFy—°Dy; 468nm, 'Fy—°D,) of Eu’" ions can be observed with the intensity of excitation and emission peaks for
5 g ) 3+ H
very weak intensity compared with that of the CTB!?). La,0,CNy:x%Eu’" nanofibers strongly depend on the doping

The emission (excited by 284 nm) spectrum of concentration of Eu’' ions, and the strongest excitation and

La,0,CN,:3%Eu’" nanofibers is shown in the Fig.7b. The emission spectra can be obtained when the doping molar
luminescence from the Dy level of the Eu®™ ion is found to be concentration of Eu’" is 3%. Obviously, the luminescence

. . . 3+ . . .
efficient, whereas emission from the higher excited states 5Dy, 5 is intensity of La,O,CN,:Eu’" nanofibers increases with the increase

. 3+ .
quenched due to the multi-phonon processes. The spectrum is ~ ©f the concentration of Eu 2 from the begmnm%, reaches a
characterized by an intense, characteristic red emission of ~ Maximum value with the Eu™ concentration of 3%, and then

. . . 34 . .
predominant peaks which splits into two peaks at 614 nm and 622 decrc.:ase.s with further Increase n Eu congentratlon. While
nm originating from the transition along with dominating electric considering the mechanism of energy transfer in phosphors, the

dipole transitions *Dy—F, of Eu®', indicating that Eu** occupies a ~ concentration quenching can be explained in more detail b};

site with no inversion center low symmetries in the La,0,CNy:Eu®* critical distance (Rc), and the critical distance (Rc) between Eu

nanofibers. The magnetic dipole transitions “Dy—Fo, *Dy—F, and ions for energy transfer can be calculated using the formula that
. ’ > Y : [39].

especially °Dy—’F; are weak ). These transitions are  Was proposed by Blasse and Grabmaier as below" "

- %
hypersensitive to crystal-structure and chemical surroundings®”**), . Re=2%(3V7: 4”XCN) . .
where V is the volume of the unit cell, Xc is the critical

concentration of activator ions and N is the number of formula unit
per unit cell. In case of La,0,CN,:3%Eu®" nanofibers, Xc=0.03,
V=0.2022 nm® and N=4. Therefore, the average distances Rc
between Eu®* ions is calculated to be Rc=1.4766 nm when the
doping optimum molar concentration is 3%.

PL decay curves of LaZOQCNZ:x%Eu3+nanoﬁbers with
different concentration of Eu®" (1, 3, 5, and 7%) are shown in
Fig.9. The samples are excited by 284 nm and monitored at 622
nm. It can be seen that all the curves can be well-fitted into a
double-exponential function as I = Ajexp (-t/s;) + Asexp (-t/s,), in
i > P o o o which s, and s, are the fast and slow components of the

Wavelength(nm) luminescence lifetimes, A; and A, are the fitting parameters. It
indicates that the average lifetime of LaQOZCNQ:X%Eu3+

Fig. 7 Excitation (a) and Emission (b) spectra of the nanofibers [x=1, 3, 5 and 7] are 0.869 ms, 1.023 ms, 0.923 ms
La,0,CN,:3%Eu’" nanofibers .
and 0.887 ms, respectively.
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Fig. 9 Luminescence decay curves of La,0,CN,:Eu*" nanofibers doped
with various concentrations of Eu** ions
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Fig. 10 Excitation (a) and Emission (b) spectra of La,0,CN,:3%Eu’**
nanofibers and nanobelts
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Fig. 11 Luminescence decay curves of La,0,CN,:3%Eu* nanofibers
and nanobelts

Fig.10 demonstrates the comparison between the excitation
and emission spectra of the La,0,CN,:3%Eu®" nanofibers and
nanobelts measured under the same conditions. It can be found that
the nanofibers have higher PL intensity than that of nanobelts.
From above BET analysis, it is found that the specific surface area
of the La,0,CN,:3%Eu’" nanofibers and nanobelts determined by
BET method are 15.0 m?g' and 13.7 m*g', respectively.
Remarkably, the specific surface area of the nanofibers is bigger
than that of the nanobelts, implying that the nanofibers have more
surface luminescence centers than the nanobelts, as a result, the
nanofibers have stronger luminescence than the nanobelts. Similar
results were observed in the referencest®>>,

.Fig.11 depicts the luminescence decay curves of
La,0,CN,:3%Eu®" with different morphologies excited by 284
nm and monitored at 622 nm. The curves also can be well-fitted
into a double-exponential function and the fitted lifetime is
7=1.023 ms for the La,0,CN,:3%Eu’" nanofibers higher than that
(0.946 ms) for the La,0,CN,:3%Eu®" nanobelts. The results
reveal that the fluorescence lifetime is direct proportion to the
luminescence intensity.

3.5 CIE analysis

In general, color can be represented by the Commission

Internationale de L’Eclairage (CIE) 1931 chromaticity
coordinates. Fig.12a shows the chromaticity coordinates of
La,0,CNy:x%Eu’ [x=1, 3, 5 and 7] nanofibers, and the
chromaticity coordinates are respectively determined to be
[(0.612, 0.354), (0.617, 0.355), (0.601, 0.349), (0.625, 0.352)].
The chromaticity coordinates of La,0,CN,:3%Eu®" nanofibers
(0.617, 0.355) and nanobelts (0.577, 0.359) are represented in
Fig.12b. These results indicate that the color emissions can be
tuned by changing the concentration of doping activator ions and
the morphologies of nanostructures. These nanostructures could
show merits of red emissions, which are considered to be
promising candidates for application in LEDs.

u’* nanofibers
u nanobels [

00 01 02 03 04 05 05 07 08

00 01 02 03 04 05 05 07 08

Fig. 12 CIE chromaticity coordinates diagram of La,0,CNy:x%Eu*" (x=1, 3,
5, 7) nanofibers(a) and La,0,CN,:3%Eu’" nanostructures(b)

3.6 Formation mechanisms for the La,0,CN,:Eu®*
nanostructures

According to the above analysis, we advance the formation
mechanisms of La,0,CN,:Eu®" nanostructures, as shown in Fig.
13. PVP, Eu(NOs); and La(NOs); were mixed with DMF to form
spinning solution. PVP acted as template during the formation of
La,0,CN,:Eu*" nanostructures. La**, Eu®* and NO;™ were mixed
or absorbed onto PVP to form PVP/[La(NOs);+Eu(NOs3)s]
composite nanofibers and nanobelts via electrospinning. Because
the viscosity of the spinning solution for fabricating nanofibers
was lower, and the applied voltage was higher, the
spinning velocity was faster. The charge repulsion force acted on
the radial direction of the jets had not enough time to stretch the
jets into belt shape, resulted in the formation of composite
nanofibers. Whereas the viscosity of the spinning solution for
preparing nanobelts was higher, and the applied voltage was
lower, so that the spinning velocity was slower. The charge
repulsion force had adequate time to stretch the jets into belt
shape, led to the formation of composite nanobelts. The
morphologies of the composite nanostructures  were
basically retained after performing the following calcination and
cyanamidation process. During calcination process, PVP was
decomposed soon and carbonized, as well as nitrates were
decomposed and oxidized to produce NO,, and eventually
evaporated from the composite fibers and belts. With the increase
in the calcining temperature, La** and Eu** ions could combine
with O,, coming from air, to form La,0;:Eu®* crystallite, and
many crystallites were combined into nanoparticles, and finally
these nanoparticles were mutually connected to generate
La,O5:Eu®" nanofibers and nanobelts. Afterwards, the above
products were cyanamidated in a graphite boat under the flowing
NHj;. In the cyanamidation process, the carbon from graphite boat
reacts with the flowing ammonia gas to produce H,CN, and H,,
then the as-prepared La,O5:Eu’" reacts with H,CN, and graphite
to produce La,0,CN,:Eu®", CO and Hj, in the high temperature.
During the process, graphite boat is not only a container, but also
a reactant substance through reacting with NH; and La,05:Eu® in

This journal is © The Royal Society of Chemistry [year]
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the heating process. Reaction schemes for formation of
La,0,CN,:Eu®" nanostructures proceed as follows:

PVP/[La(NO,),+Eu(NO,),] + 0, —700C  CO,+H,0 +NO,+ La,0;:Eu** (1)

2NH,+C 950 ¢ H,CN, + 2H, V)
La,0,Bu¥* + HyCN,+ C —930°C | T4 0,CN,Ev* + CO +H, 3)

If the La,O5:Eu*" nanofibers were cyanamidated in a traditional
corundum boat-shaped crucible (S1) or in a traditional corundum
boat-shaped crucible loaded with some carbon rods (S2) under
the flowing NHj in the same heating process, La,0,CN,:Eu®** can
not be obtained except La,O5:Eu’", which is confirmed by XRD
patterns of the product, as indicated in Fig. 14. On the other hand,
if La,05:Eu’" nanofibers or nanobelts directly mix with the liquid
H,CN,, the H,CN, will cut the La,O;:Eu®* nanofibers or
nanobelts into pieces when heating. Cyanamidation technology
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 precursor, but also can fabricate pure phase
La,0,CN,:Eu*" nanostructures.

Spinning solution )
M TT TT T T L2,0,CN,:Eu** nanobelt
Electrospinning TOO00I0D
000RA AN () —Caleination
00000000
Ve Lo LaOgEe
/ N;,,;h,“ Nanofiber 1
Composite nanobelt Composite nanofiber ]~ TT La,0,CN;:Ev®" nanofiber
Calcination Calcination | |
H)CN,. l + PHCN,H,
000000000, () 000000 c — solvent
000000000 %(g(g(g(g%(g(g%%% oy main chain of polymer
La,0;Eu* La,0yEu ]‘ w~ broken main chain of polymer
Nanobelt Nanofiber O ion
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0 oxide particle

Nanostructures "
 nanoparticle

Graphite boat

Tube furnace
Fig. 13 Schematic diagram of formation mechanisms of La,0,CN,:Eu**
nanofiber and nanobelt
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Fig.14 XRD patterns of the products cyanamidated in processes S1 (a)
and S2 (b) with PDF standard card of La,O5

4 Conclusions

In summary, pure tetragonal phase La,O,CN,:Eu®" nanofibers
and nanobelts with space group of I4/mmm have been
successfully prepared. The as-prepared La,0,CNy:Eu®*
nanostructures have relatively smooth surface, the diameter of the
nanofibers is 173.61+21.61nm, and the width of the nanobelts is
1.67+0.18 pm. Under the excitation of 284-nm ultraviolet light,
La,0,CN,:Eu®" nanostructures exhibit the characteristic red
emission of predominant peak which splits into two peaks at 614
and 622 nm originated from the energy levels transition *Dy—"F,
of Eu*’, indicating that Eu*‘occupies a site without inversion
symmetry in the La,0,CN,:Eu’" nanostructures. The strongest
luminescence of La,0,CN,:x%Eu®" nanofibers is obtained when
doping concentration of Eu®' is 3%. The nanofibers have the
stronger photoluminescence than the nanobelts under the same

measuring  conditions.  Color-tuned  luminescence  of
La,0,CN,:Eu®" nanostructures can be obtained by changing the
doping concentration of Eu’" and the morphologies of
nanostructures. The new strategy and construct technique are of
universal significance to fabricate other earth oxycyanamide
nanostructures with various morphologies.
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