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A B S T R A C T

Novel europium doped strontium yttrate (SrY2O4:Eu3+) nanofibers have been firstly synthesized by electrospin-
ning. SrY2O4:Eu3+ nanofibers have been systematically examined at different calcination temperatures. The TGA
study reveals the thermal behaviour of SrY2O4:Eu3+ nanofibers which stabilises at 900⁰C. SrY2O4:Eu3+

nanofibers have an average diameter of 328 nm before calcination and 162 nm post calcination. X-ray diffraction
(XRD) spectra of SrY2O4:Eu3+ nanofibers revealed the orthorhombic phase with Pnam space group. The ionic
radii and charge compensation have significant effect on the XRD and photoluminescence (PL) spectra of
SrY2O4:Eu3+ nanofibers. PL spectra was observed under 395 nm excitation and a strong emission line spotted at
612 nm is attributed to characteristic electric dipole transition 5D0 →

7F2 of Eu3+ ion. Effect of dopant concentra-
tion on PL of host SrY2O4:Eu3+ nanofibers have also been explored. SrY2O4 nanofibers doped with 10 mol % of
Eu3+ ions exhibit optimum emission intensity while concentration quenching is observed for higher dopant con-
centration. The SrY2O4:Eu3+ nanofibers show affirmative agreement with SrY2O4:Eu3+ bulk counterpart. The CIE
coordinates for SrY2O4:Eu3+ nanofibers appear in red region with good colour purity. SrY2O4:Eu3+ nanofibers
possess inherent luminescence property which makes it potential candidate for flexible display applications.

1. Introduction

The rosy dream of push button life and automation has eased the life
of human beings. However, the emerging trend of research and innova-
tion has facilitated man to explore new horizons of science and technol-
ogy. One such dimension to this new horizon is smart materials. Any
material that can sense or react to external stimuli can be categorised as
smart material. The stimuli can be in varied forms such as environmen-
tal, physical, chemical, biological, thermal, optical, electrical, etc
[1–4]. Luminescent nanomaterials have garnered great research inter-
est ever since miniaturisation of display devices [5–7]. Smart lumines-
cent materials constitute diverse applications as polymeric optical
fibers, light emitting diodes (LEDs), display devices, self-emitting de-
vices, light sensors, and many more [8–12]. A major limitation to smart
materials for flexible electronic devices is the flexibility and endurance
of the material and electronics incorporated into the device, without
debasement of its performance [13–18]. Nanotechnology effortlessly
helps in overcoming this impediment. Numerous nanomaterials have
been reported to be useful as smart materials [19–22]. Among these,
nanomaterials have largely been explored in the form of thin films or

nanoparticles sprinkled onto the substrate, yet they cease to function by
virtue of lack of flexibility and weathering of the nanoparticles off the
substrate [23–28]. Nanofibers (NFs) are one such type of nanomaterial
which could easily fill this gap owing to its flexibility and majorly be-
cause they exhibit intrinsic property within the fiber itself [29–31].
Various physical and chemical methods are available for the fabrication
of NFs, but electrospinning is a superficial way for preparing NFs. Elec-
trospinning method has several controllable parameters which makes
the synthesis of NFs a delicate process [32–34]. Therefore, in this work
our focal point is to fabricate electrospun nanofiber with inherent lumi-
nescence property which could be potentially used as smart material for
flexible display applications.

Rare earth ion doped metal oxides have been largely traversed for
luminescent property. Alkaline earth metal yttrates (MY2O4, M = Sr,
Ba, Ca) doped with rare earth ions have been known to showcase emi-
nent optical emission. SrY2O4:RE3+ (RE = Eu, Dy, Ce, Tb, Er, Gd, Sm,
Nd) have been reported to be synthesized by solid state reaction
method, solution combustion method, sol gel method, citrate sol gel
method, polyol method, oil emulsion method, aldo-keto gel method and
co-precipitation method [35]. Europium is one of the interesting and
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Table 1
Stoichiometric ratio of precursors for synthesis of SrY2O4 host and Eu3+

doped SrY2O4 NFs.
Sample Polyvinyl-

pyrrolidone
(PVP)
(12 wt %)

Dimethyl-
formamide
(DMF)

Strontium
nitrate
(40 mmol)

Yttrium
nitrate
(80 mmol)

Europium
nitrate

SrY2O4
host
NFs

1.2 g 10 mL 0.084 g 0.308 g –

SrY2O4:
Eu(2)

1.2 g 10 mL 0.084 g 0.308 g 0.010 g
(2 mol %)

SrY2O4:
Eu(6)

1.2 g 10 mL 0.084 g 0.308 g 0.031 g
(6 mol %)

SrY2O4:
Eu
(10)

1.2 g 10 mL 0.084 g 0.308 g 0.051 g
(10 mol %)

SrY2O4:
Eu
(14)

1.2 g 10 mL 0.084 g 0.308 g 0.072 g
(14 mol %)

versatile lanthanides that has been widely explored for luminescence
applications because of red optical emission. SrY2O4:Eu3+ (SYO:Eu) has
CaFe2O4 like structure and manifests sublime down conversion lumi-
nescence property. The long-lived transition 5D0 →

7F2 of Eu3+ produces
highly intense emission line at 612 nm. The near ultraviolet (NUV) ex-
citation of 395 nm facilitates the use of europium ions in light emitting
phosphors and other display applications [36–48].

To the best of our knowledge, SrY2O4 (SYO) has not yet been synthe-
sized in nanofiber form. Here in the present work, we report the facile
fabrication of novel Eu3+ ion doped SYO electrospun NFs which can be

Fig. 1. TGA/DTG/DSC thermograms of SYO:Eu(10) NFs.

used to enhance the aesthetic performance of the smart materials to be
used for flexible display applications. Upon NUV excitation, SYO:Eu
NFs showcase red light emission. The diameter of the NFs has been effi-
caciously controlled in the electrospinning process. The effect of tem-
perature and Eu3+ dopant concentration on SYO NFs have been exam-
ined systematically. The spectroscopic characterization, morphological,
thermal, and optical analysis of SYO:Eu NFs have been studied using
FTIR, SEM, HRTEM-SAED, TGA/DSC and PL.

2. Experimental techniques

Polyvinylpyrrolidone (PVP, Mw 13,00,000, Sigma Aldrich) was
utilised as a backbone for obtaining the one-dimensional NF structure.
Strontium nitrate (Sr(NO3)2, Himedia), Yttrium nitrate hexahydrate
(Y(NO3)2.6H2O, Himedia) and Europium nitrate pentahydrate
(Eu(NO3)3.5H2O, Sigma Aldrich) were used as metal precursors.

The stoichiometric amount of solvent and metal precursors used in
the synthesis of SYO host and Eu3+ ion doped SYO NFs is presented in
Table 1. The resultant solution was magnetically stirred overnight to
obtain a homogeneous polymer-salt precursor solution. The viscosity of
the final spinnable solution for preparation of SrY2O4 host NFs was cal-
culated using LABMAN Digital Rotational Viscometer LMDV-60 and the
viscosity was obtained to be 154 cP. Electrospinning method was cho-
sen for synthesis of SYO NFs using ESPIN-NANO instrument. The vis-
cous precursor solution was loaded in a 10 mL plastic syringe with a
metallic nozzle. The nozzle of the syringe was connected to high volt-
age power supply of 25 kV. The flow rate of the precursor solution was
set to 0.7 mLh-1. The collector was placed at 16 cm from the tip of the
syringe nozzle. The as-spun SYO/PVP NFs were collected on an alu-
minium foil covered onto a grounded steel electrode plate and dried
overnight at 70 °C in a vacuum oven. The pure phase of host SYO NFs
was obtained by calcination of the as-spun NFs at 900 °C under a con-
stant heating rate of 1 °C min-1 for 2 h in muffle furnace. For the prepa-
ration of SYO:Eu NFs, the concentration of europium dopant was varied
from 2 mol % to 14 mol %, while all the other measurements were kept
same. The effect of Eu3+ ions on SYO NFs have been examined in the
present work as SYO:Eu(2), SYO:Eu(6), SYO:Eu(10), and SYO:Eu(14)
for 2 mol %, 6 mol %, 10 mol % and 14 mol % Eu3+ ion doped SYO
NFs, respectively.

The thermogravimetric analysis of SYO:Eu NFs was performed on
Hitachi-STA7300 TGA/DSC analyser under nitrogen atmosphere. The
thermogram was recorded from room temperature up to 750 ⁰C. Scan-
ning electron microscopy (SEM) images were recorded using ZEISS-
EVO-18. Firstly, the NFs were DC sputtered with gold-palladium under
15 mA current. The SEM images were captured by electron gun com-
posed of tungsten filament at an accelerating voltage of 5 kV. High res-
olution transmission electron microscopy (HR-TEM) and selected area
electron diffraction (SAED) images were obtained using Jeol/JEM 2100
comprising of LaB6 electron gun and operating at 200 kV. The instru-
ment has point resolution of 0.23 nm and lattice resolution of 0.14 nm.
The X-Ray diffraction studies were carried out on Bruker D8 Advance X-
ray diffractometer at room temperature. The XRD spectra was recorded
in the range of 2θ from 10⁰ to 80⁰ with 0.02⁰ step size. The FTIR spectra
was recorded on JASCO FTIR-4700 spectrometer in the form of % trans-
mittance from 450 to 4000 cm-1 with a resolution of 4 cm-1. The PL
study was carried out with the help of Shimadzu RF-5301PC Spectroflu-
orometer with 150 W Xenon lamp as light source and the spectra was
obtained in the wavelength range of 220 – 750 nm having S/N ratio of
150.
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Fig. 2. Effect of Eu3+ concentration on FTIR spectra of SYO NFs.

3. Results and discussion

3.1. Thermal analysis

To investigate the thermal decomposition pattern and subsequently
decide suitable temperature for effective calcination of the SYO:Eu NFs,
thermogravimetric analysis was carried out. Moreover, the SYO:Eu(10)

NFs were chosen as representative material for the thermal analysis
since the PL study shows the highest emission intensity for 10 mol %
Eu3+ concentration. The TGA and DSC thermograms of SYO:Eu(10) NFs
were recorded at 20 oC heating rate from ambient temperature to
750 °C under nitrogen atmosphere.

The perusal of thermogram of SYO:Eu(10) NFs (Fig. 1) depicts the
NFs undergo thermal decomposition in three substantial stages. The
first stage of thermal decomposition occurred in temperature range
25–130 °C with 17 % weight loss and an endothermic peak in the DSC
curve observed at 114 °C may be attributed to the loss of water mole-
cules indicating the presence of trapped moisture in the NFs [49]. The
second stage of decomposition observed in temperature range
130–440 °C showed 51 % mass loss with an exothermic peak at 319 °C.
Furthermore, the third stage of decomposition indicated 19 % mass loss
in temperature range 440–550 °C with an exothermic peak at 481.9 °C
[50,51]. The comprehensive study of TGA and DSC thermograms as
well as the exothermic peaks observed for second and third stages of de-
composition suggest that the SYO:Eu(10) NFs undergo steady mass loss
up to 550 °C due to the gradual breakdown of PVP polymeric chain and
loss of organic moiety. However, there was no further change in weight
loss above 550 °C and the % residue remained constant suggesting the
formation of stable inorganic phase [40]. Moreover, the half decompo-
sition temperature (Th) of the SYO:Eu(10) as-spun NFs was found to be
330 °C suggesting higher thermal stability of the NFs. Therefore, based
on thermogravimetric analysis data, all the synthesized materials have
been calcined above 550 °C, viz. 600, 700, 800, and 900 °C for 2 h un-
der a constant heating rate of 1 °C min-1 for efficient calcination and
further studies.

Fig. 3. SEM image and histogram of (A) SYO/PVP NFs, (B) Calcined SYO NFs, (C) SYO:Eu(10)/PVP NFs and (D) Calcined SYO:Eu(10) NFs.
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Fig. 4. HR-TEM images and SAED pattern for SYO NFs.

Fig. 5. (A) Effect of temperature on XRD of SYO NFs, (B) XRD spectra of SYO NFs calcined at 900 °C.

3.2. Fourier transform infrared spectroscopy (FTIR)

Fig. 2 presents the relative FTIR spectra of SYO NFs and SYO:Eu NFs
prepared by doping with varying concentrations of Eu3+. The FTIR
spectrum of SYO NFs shows a peak at 2969 cm-1 due to asymmetric
C–H stretching vibrations whereas the sharp peak observed at
1365 cm-1 relate to C-H bending vibrations. The strong and intense
peak observed at 1737 cm-1 arises due to ν(C O) stretching vibrations
of the carbonyl group [52]. The disappearance of characteristic peaks
of PVP on calcination suggest the gradual breakdown of PVP chain and
loss of organic moiety post calcination which is also supported by the

TGA and DSC studies. The peaks appearing in the range of
1200–1600 cm-1 are due to Sr–O vibrations. The peaks appearing in the
range 3648–3734 cm-1 are assigned to O-H vibrations of water mole-
cules indicating the presence of trapped moisture [51]. The sharp peak
observed at 517 cm-1 is assigned to Y-O vibration, whereas the medium
peak is observed at 669 cm-1 is due to O-Y-O bond deformation because
of enlargement in the lattice of SYO after calcination [40,53]. The peak
positions in all the spectra remain almost same and the corresponding
peak values do not shift with increase in the Eu3+ concentration in the
NFs which implies the greater stability of the structure [36].

4



CO
RR

EC
TE

D
PR

OO
F

M.A. Haque et al. Materials Today Communications xxx (xxxx) 104950

Fig. 6. Effect of Eu3+ concentration on SYO NFs.

3.3. Scanning electron microscopy (SEM)

Fig. 3 shows the SEM image and histogram of SYO NFs and SYO:Eu
(10) NFs before and after calcination at 900 °C. It can be clearly seen
that the SYO NFs appear to be continuous, smooth, and uniform before
calcination with an average diameter of 282 nm. However, post calci-
nation the SYO NFs shrink to a diameter of 138 nm. The NFs appear
slightly broken because the spine of NFs is lost with the loss of PVP
polymer and remaining residue during heat treatment. The SYO:Eu
(10) NFs have an average diameter of 328 nm prior calcination and

162 nm post calcination, respectively. The comparative increase in the
diameter of SYO:Eu(10) NFs can be attributed to the incorporation of
dopant as depicted in Table 1 [54]. For doping SrY2O4 host NFs, addi-
tional amount of europium nitrate is added to the SrY2O4 host precur-
sor solution.The comparative increase in diameter is observed in both
as-spun and calcined Eu doped SrY2O4 NFs. It can notably be seen that
the fiber structure is very well maintained for both the materials irre-
spective of the heat treatment. As compared to bulk counterparts, NFs
have the advantage of high surface area to volume ratio and reduced
internal scattering which enhances their luminescence property.
Therefore, the synthesized NFs can be utilised for flexible display ap-
plications.

3.4. High resolution transmission electron microscopy (HR-TEM)

Observation of SYO NFs under HR-TEM (Fig. 4) revealed that the
SYO NFs remain uniform and smooth post calcination and confirm the
average diameter of 135 nm as visualized in the SEM analysis. The in-
terplanar spacing of 0.29 nm depicted in the HR-TEM image corre-
sponds to (320) plane which is also the most intense and abundant ac-
cording to the ICDD powder diffraction file (PDF) no. 01–074–0264.
The other significant planes identified from the SAED image include
(011), (121) and (140) planes which very well agrees with the XRD
data. The SAED pattern confirms the polycrystalline nature of SYO NFs.

3.5. X-Ray diffraction (XRD)

Fig. 5(A) shows the XRD profiles of SYO NFs calcined at different tem-
peratures. The XRD spectra of SYO NFs treated at 600 °C comprises of
peaks attributing to Y2O3 which shows that the temperature was not

Fig. 7. (A) PL excitation spectrum for SYO:Eu NFs monitored at 612 nm, (B) PL emission spectra for SYO:Eu NFs under 395 nm excitation, (C) Energy level diagram
for different transitions in SYO:Eu NFs, and (D) CIE plot for SYO:Eu NFs with different concentration.
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Table 2
Colour purity of Eu3+ doped SYO NFs calculated using CIE x and y coordi-
nates.
SYO:Eu
Nanofibers

CIE
(x, y)

White light
(xi, yi)

Dominant wavelength
(xd, yd)

Colour purity
( %)

SYO:Eu (2) (0.608,
0.390)

(0.333.
0.333)

(0.676, 0.323) 88.26

SYO:Eu (6) (0.615,
0.383)

(0.333.
0.333)

(0.676, 0.323) 83.45

SYO:Eu (10) (0.612,
0.387)

(0.333.
0.333)

(0.676, 0.323) 83.28

SYO:Eu (14) (0.633,
0.365)

(0.333.
0.333)

(0.676, 0.323) 87.95

adequate for complete degradation of Sr((NO)3)2 [53]. However, with
the consequent increase in temperature viz. 700, 800, and 900 °C, the
peaks realign, and phase purity of SYO NFs is greatly improved. The
XRD profile of SYO NFs calcined at 900 °C is found to be in complete
agreement with ICDD PDF no. 01–074–0264 for SYO (Fig. 5(B)) [55].
The SYO NFs belong to orthorhombic crystal system with Pnam (62)
space group [36]. The lattice constants of SYO NFs are a = 10.08 A⁰, b
= 11.91 A⁰, c = 3.4 A⁰ [56]. The intensities of the diffraction peaks in-
crease with the temperature which indicates that purity and crys-
tallinity of SYO NFs is greatly enhanced, and the optimum results are
obtained at 900 °C. The semi-quantitative analysis of SYO NFs calcined
at 900 °C showcase a phase purity of 62.7 % for SrY2O4, 23.7 % for α-
Sr and 13.6 % for Y2O3. XRD profile of SYO NFs illustrate significantly
intense peaks at 30.524⁰, 31.549⁰, 35.868⁰, 44.212⁰, 53.580⁰, 53.888⁰,
54.788⁰, 55.118⁰, 63.206⁰, and 62.902⁰ which correspond to miller in-
dices planes of (320), (121), (131), (331) and (241), (360), (002),
(441), (521) and (610), (042), (322), respectively.

Effect of Eu3+ ion concentration on XRD profiles of SYO NFs is de-
picted in the Fig. 6. The change in the diffraction peak intensities indi-
cate that the dopant has been efficiently housed into the host SYO NFs.
The ionic radius of dopant has a significant role for incorporation into
the host matrix. The Sr2+, Y3+ and Eu3+ ions have ionic radii of
(1.13 A⁰), (0.89 A⁰) and (0.95 A⁰) respectively [35,56]. Due to compa-
rable ionic size and charge compensation, Y3+ ions in host lattice are
replaced by Eu3+ ions which is very clearly observed in the XRD spec-
tra. The peak intensity at 2 = 29.160°, 48.5° and 57.63° corresponds
to Y2O3 (ICDD PDF no. 01–076–0151) which increases with dopant con-
centration. This intensity is maximum for SYO:Eu(14) NFs, since more
dopant is added and all the Eu3+ ions are incorporated into the host lat-
tice, which confirms that due to same charge and equivalent ionic ra-
dius, Y3+ ions are substituted by Eu3+ ions on doping.

3.6. Photoluminescence (PL)

The host SYO NFs do not possess significant luminescence property,
however on doping with Eu3+ ions, it showed remarkable emission
spectra [35]. Fig. 7(A) represents the PL excitation spectra for Eu3+

doped SYO NFs. The excitation spectrum was observed under 612 nm
emission wavelength. It comprises of a broad band at 356 nm and a
sharp peak at 395 nm which can be assigned to the transitions from
7F0 →

5D4 and 7F0 →
5L6 levels respectively [57–59]. PL emission spectra

of SYO NFs monitored at 395 nm illustrates the characteristic emission
of Eu3+ at 582 nm, 593 nm, and 612 nm Fig. 7(B). The transitions be-
tween 5D0→7FJ (J=0, 1, 2) are responsible for Eu3+ emission spectra
[60]. Fig. 7(C) displays the energy level diagram for different transi-
tions in SYO:Eu NFs. The strongest emission band appears at 612 nm
which correspond to electric dipole transition 5D0 →

7F2 resulting from
lack of inversion symmetry [35–37]. The bands located at 582 nm and
593 nm originate from magnetic dipole transition 5D0 →

7F0 and 5D0 →
7F1 [60]. The appearance of 5D0 →

7F1 transition confirm that Eu3+ ions
have been substituted at Y3+ sites owing to comparable ionic radii [61].
The emission spectra of SYO:Eu NFs showcase slight splitting of 5D0 →

7F1 and 5D0 →
7F2 transition lines which clearly shows that the coordina-

tion environment, crystal structure and the host composition has signif-
icant effect on luminescence properties [62]. The effect of dopant con-
centration on the emission intensity can be invariably seen in Fig. 7(B).
As the concentration of Eu3+ ion is increased from 2 mol % to
10 mol %, the intensity goes on increasing. However, the intensity de-
creases significantly for 14 mol % due to concentration quenching phe-
nomenon. Quenching occurs because Eu3+ ions become much closely
spaced and their mutual interaction results in charge transfer, thereby
resulting in minimised intensity. The optimised maximum emission in-
tensity was obtained for SYO NFs doped with 10 mol % Eu3+ ions,
henceforth it can be used for varied light emitting applications.

The luminescent colours for SYO:Eu NFs were identified from Com-
mission Internationale de l’Eclairage (CIE) coordinates. Fig. 7(D) shows
the CIE 1931 plot for different Eu3+ ion concentrations. The doping
concentration does not have any significant effect on CIE coordinates
and the SYO:Eu NFs emit red colour. The colour purity of SYO:Eu NFs
was calculated using the formula [63];

The SYO NFs doped with 2 mol % Eu3+ ions have maximum colour
purity of 88.26 % (Table 2). From good colour purity, SYO:Eu NFs can
be potential candidates for optical devices and display applications.

4. Conclusion

Novel SYO:Eu NFs have been successfully synthesized for the first
time using electrospinning. SYO:Eu NFs were studied at different calci-
nation temperatures. SEM analysis of SYO:Eu NFs revealed shrinkage of
NFs post calcination at 900 °C with consequent decrease in average di-
ameter from 328 nm to 162 nm. The XRD profile confirmed that SYO
NFs belong to orthorhombic crystal system with Pnam space group. The
significant effect of ionic radii and charge compensation on XRD spec-
tra have been clearly observed with substitution of Y3+ ions by Eu3+

ions. SYO:Eu NFs exhibited remarkable emission in red region upon
NUV excitation. The emission spectra are comprised of the characteris-
tic 5D0 →

7F2 transition emission of Eu3+ ion at 612 nm along with addi-
tional peaks at 582 nm and 593 nm. Optimum emission intensity have
been recorded for SYO:Eu(10) NFs while concentration quenching was
observed for SYO:Eu(14) NFs. SYO:Eu NFs can potentially be used for
flexible devices and smart display applications owing to its flexibility
and inherent luminescence property.
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