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Abstract

Here we report the synthesis of intense yellow emitting CaS:Eu nanoparticles by a low temperature wet chemical coprecipitation
method which can be used for various optoelectronic and biological applications. The particles were characterized systematically
using techniques such as X-ray diffraction (XRD), field emission scanning electron microscopy, transmission electron micros-
copy (TEM), X-ray photoelectron spectroscopy, photoluminescence (PL) and UV-Vis absorption spectroscopy. XRD analysis
revealed that all the samples exhibited a cubic structure with good crystallinity. Formation of nanoparticles having spherical
morphology with the diameter in the range 4-8 nm was confirmed by TEM analysis. The PL emission color varied from
yellowish white to yellow as the excitation wavelength was increased from 335 to 395 nm. The PL emission peaks are attributed
to 5DO- 7FJ (J=0,1,2,3....) electronic transitions of Eu>* ions incorporated into the CaS host lattice. Fourier transform infrared
spectroscopy measurements were taken to elucidate the presence of various bonds in the sample. In vitro cytotoxicity analysis of
the samples was also performed using MTT assay on human L1929 fibroblasts cell lines in order to assess the biocompatibility of
the nanoparticles. This is the first time report of the cytotoxicity studies of highly fluorescent CaS: Eu nanoparticles synthesized
by wet chemical method.
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lanthanide ions is due to their intra 4f electronic transitions
which yield only a weak fluorescence. When they are incor-
porated into a host matrix, the luminescence can be improved

Introduction

Sulfide-based luminescent materials have attracted consider-

able attention because of their wide range of
photoluminescence and electroluminescence applications.
The luminescence of alkaline earth metal sulfides like MgS,
SrS, CaS and BaS doped with various activators has been
studied extensively by many researchers. Of these alkaline
earth sulfides, CasS is an excellent luminescent material having
a wide bandgap (4.5 eV) and size-tunable optical properties
[1-4]. On doping with various dopants like rare earth ions, the
luminescence of CaS can be varied over the entire visible
region. Rare earth ions are also known as lanthanides, and
they are most stable in triply ionized form. The emission of
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by the intermixing of the 4f states with the ligands of the host
matrix and excitation to d electronic states due to crystal field
effects. Recently trivalent lanthanide ions doped semiconduc-
tor nanophosphors have gained significant importance be-
cause of their applications in diverse fields such as optoelec-
tronics, lighting technology, flat panel displays and lumines-
cent biolabels [5—7]. Of the many rare earth ions, europium is
an important dopant element giving emission from UV to red
region of the electromagnetic spectrum.

Different methods have been employed for the synthesis of
europium doped CaS nanoparticles by researchers. Sun et al.
[8] synthesized Eu®* doped Ca$S nanoparticles for the first
time by a wet chemical method. The prepared nanoparticles
had a very low fluorescence intensity before annealing at high
temperatures because of their poor crystallinity. Sawada et al.
[9] prepared Eu”* doped CaS nanoparticles by alkoxide meth-
od which exhibited photoluminescence emission on heating at
700 °C in the presence of N,. The luminescence properties of
micrometer-sized europium doped CaS synthesized using
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solvothermal method was studied by Haecke et al. [10].
Burbano etal. [11, 12] studied the near IR photoluminescence
of CaS: Eu”* nanoparticles synthesized using wet chemical
coprecipitation method which has potential applications in
optical information storage. In all the reports mentioned above
the valence state of europium in CaS host lattice was found to
be Eu®", and the PL emission spectra consisted of an intense
peak in the red region due to 4{° 5d ' — 4f” transition of Eu**.
Only a few reports are available on the synthesis of nanosized
Eu’* doped Ca$S phosphors having good crystallinity and high
fluorescence intensity [13, 14]. Wet chemical method is a
simple and low-cost method for the synthesis of nanoparticles
with some desirable prerequisites, such as controlled compo-
sition and crystal phase, tailored geometric parameters and
ease of processability. In this paper, we report color tunable
emissions of Eu>* doped CaS nanophosphors synthesized by a
wet chemical method using triethanolamine (TEOA) as a cap-
ping agent and their structural and optical characterization
using various techniques. The CIE chromaticity coordinates
of all the samples have been evaluated, and the chromaticity
diagram is also plotted. X-ray photoelectron spectroscopy
(XPS) was used to determine the valence state of Eu in CaS.
Literature reports reveal that CaS nanoparticles are promising
candidates for various biomedical applications including di-
agnosis and treatment of cancer [15—17]. For the safe use of
these nanoparticles in biomedicine a detailed understanding of
the biocompatibility and toxicity of these particles in human
beings is necessary. With this aim we have conducted the
in vitro cytotoxicity studies of TEOA capped CaS:Eu
nanophosphors on human 1929 fibroblasts cells using MTT
assay.

Experimental
Synthesis of CaS:Eu Nanophosphors

Europium-doped CaS nanophosphors capped with TEOA
were synthesized using a wet chemical coprecipitation method
[8, 18]. The starting materials used were calcium chloride
[CaCl,. 2H,0, 97% Merck], sodium sulfide
[Na,S.xH,0,Merck] and europium acetate [Eu(OOCCH3);,
Alpha aesar 99.9%]. Initially CaCl,.2H,O (0.5 M) and
Na,S.xH,O (0.5 M) were dissolved separately in 50 mL of
2-propanol. To 50 mL solution of Na,S, the capping agent
TEOA (1 mL) was added. Here TEOA is used for surface
modification of the nanoparticles which increases its stability
and intensity of photoluminescence. The required molar con-
centration (0.03 M, 0.04 M, 0.05 M, 0.06 M, and 0.07 M) of
Europium acetate was also prepared in 2-propanol and added
to calcium chloride solution. Then sodium sulfide solution
was added dropwise to the mixture of CaCl, and
Eu(OOCCH3;); under continuous stirring. The solution was
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vigorously stirred for 2 h followed by heating at 80 °C so that
its volume reduces to one-fourth the original volume. To this
solution, 20 mL of tetrahydrofuran was added and stirred for
about 30 min. It was then filtered, washed with 2-propanol and
dried in a hot air oven at 80 °C for 68 h to obtain the nano-
particles. Uncapped CaS: Eu nanoparticles were also prepared
using the same method without adding the capping agent
TEOA.

In Vitro Toxicological Analysis Using MTT Assay

MTT assay is the most widely used assay, and it stands for 3
(—4,5-Dimethylthiazol-2-y1)2,5- diphenyltetrazolium bro-
mide. The mitochondrial dehydrogenase of living cells
cleaves the tetrazolium ring of the colorless MTT and convert
it into purple MTT formazan crystals which do not dissolve in
aqueous solution. Formazan crystals are then dissolved using
a solubilizing solution and absorbance is measured. If the
production of MTT formazan is more, greater will be the
number of viable cells [19].

L929 (Fibroblast) cells were procured from National
Centre for Cell Sciences (NCCS), Pune, India and maintained
in Dulbecco’s modified Eagles medium, DMEM (Sigma
Aldrich, USA). The cell line was cultured in 25 cm?’ tissue
culture flask with DMEM supplemented with 10% fetal bo-
vine serum(FBS), L-glutamine, sodium bicarbonate (Merck,
Germany) and antibiotic solution. The cultured cells were
seeded in 96 well tissue culture plate at a density of 5 x 10
cells /well and incubated at 37 °C in a humidified 5% CO,
incubator. After 24 h the growth medium was removed, and
the cells were incubated with different concentrations of CaS:
Eu nanoparticles (6.25-100 pg/ml)). Non-treated control cells
were also maintained for analysis. The sample contents were
removed after 24 h of incubation, and MTT (Sigma Aldrich,
M-5655) assay test was performed on both the test and control
cells following a standard protocol. The absorbance values
were recorded by using a microplate reader at a wavelength
of 540 nm [20]. Qualitative visual characterization was also
performed by taking phase-contrast microscopic images of the
control and cells treated with different concentrations of
CaS:Eu nanoparticles in order to assess the cell viability.

Measurements

Crystalline nature and phase formation of CaS nanoparticles
were examined using X-ray diffraction (XRD) patterns which
were recorded by Bruker AXS D8 Advance instrument by
employing Cu-K« lines (A = 1.5406 A). The morphology of
the particles was studied using a Carl Zeiss Field Emission
Scanning Electron Microscope (FESEM) and a Jeol/Jem 2100
model Transmission Electron Microscope (TEM). The
Photoluminescence emission (PL) spectra of the samples were
registered with Flouromax4C spectrofluorometer having a
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150 W ozone free Xenon lamp as an excitation source. The
Diffuse Reflectance Spectra (DRS) was recorded using a UV-
Vis-NIR spectrophotometer (Varian, Cary5000). A Thermo
Scientific K-Alpha model instrument having an Al K-alpha
X-ray source (1486.68 eV) was employed for conducting XPS
analysis. The Fourier Transform Infrared (FTIR) spectrum of
the prepared nanoparticles was recorded using a Thermo
Nicolet, Avatar 370, FTIR spectrometer. For cytotoxicity stud-
ies, absorbance values of the control and cells treated with
samples were measured using an Erba, Germany microplate
reader and the microscopic observations were recorded using
a phase contrast microscope (Olympus CKX41 with Optika
Pro5 CCD camera).

Results and Discussion
TEM /FESEM Analysis

The morphology and particle size of the nanophosphors were
examined using TEM and FESEM analysis. The TEM micro-
graphs of TEOA capped CaS:Eu nanophosphors is shown in
Fig. 1a, and it confirms the formation of nanoparticles having
a nearly spherical morphology. HRTEM is a useful technique
to determine the particle size and gives authentic information
about particle size distribution and structure of the particles.
The HRTEM image of CaS:Eu nanoparticles capped with
TEOA is depicted in Fig. 1b from which it is evident that
the diameter of the particles is less than 10 nm. The structure
of the CaS: Eu nanoparticles was revealed by the selected area
diffraction (SAED) pattern depicted in Fig. 1¢ which consists
of three concentric rings corresponding to the diffraction
planes (111), (200) and (220) of CaS cubic phase. Hence the
crystallinity and cubic phase of the nanoparticles formed are
confirmed by the SAED pattern. The size distribution of CaS:
Eu nanoparticles (Fig. 2a) is obtained from TEM analysis
which reveals that most of the particles have a diameter in
the range 5-6 nm. Figure 2b gives the FESEM image of

TEOA capped CaS:Eu nanoparticles which also shows that
the particles have a spherical morphology. FESEM image
shows large particles that are aggregates of a large number
of small nanoparticles. Hence TEM/FESEM analysis give ev-
idence for the crystalline nature, cubic phase and nanoscale
size of the synthesized particles.

XRD Analysis

The XRD pattern of europium doped CaS nanophosphors is
depicted in Fig. 3 which is in good agreement with the stan-
dard data available in JCPDS card No:77-2011. The XRD
pattern consists of major diffraction peaks at (111), (200),
(220), (222), (400) and (420) corresponding to the cubic crys-
talline phase of CaS. Two weak peaks at 20 values around 36°
and 39" are observed in the XRD spectrum of uncapped CasS:
Eu which are due to the presence of additional phase of calci-
um oxide and calcium hydroxide in the samples. However,
TEOA capped CaS:Eu does not contain any impurity peaks
corresponding to the secondary phase which shows that they
have better purity. To calculate the average crystallite size of
the nanoparticles formed we used the Scherrer formula [21]
which is expressed as:

0.9\
D =
(Bcosh

(1)

where D is the average crystallite size of the particles, A is the
wavelength of the Cu-K o (1.5406 A) radiation, B (in radian)
is the full width at half maximum (FWHM), and 0 is the
diffraction angle of an observed peak. The lattice parameter
was calculated using the equation,

a
dhkl — T
VAP

where dy,g represents the interplanar distance, a represents the
lattice parameter and h, k, 1 represents the Miller indices. The
calculated values of average crystallite size and lattice param-
eter of uncapped and capped europium doped CaS

(2)

Fig. 1 a TEM, b HRTEM and ¢ SAED pattern of TEOA capped CaS:Eu nanoparticles
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Fig. 2 a Particle distribution
histogram and b FESEM image

of TEOA capped CaS:Eu
nanoparticles
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nanophosphors are tabulated in Table 1. Although there is no
considerable reduction in particle size due to capping we ob-
served the stability of the nanoparticles had been increased
due to the addition of TEOA. The value of the ionic radius
of Eu** ion (0.95 A) is lesser than the ionic radius of Ca>" ion
(1.14 A), and hence a decrease in lattice parameter from the
bulk value is observed on doping due to this lattice mismatch.
The peak positions of the diffraction peaks shift towards high
angle region due to this decrease in the value of the lattice
parameter. Hence the synthesized phosphors possess phase
purity, stability, and high crystallinity which are desirable for
exhibiting better photoluminescent properties.

PL Studies

The PL emission spectrum of europium is strongly related to
the host lattice and can occur from UV to visible region of the
electromagnetic spectrum. This is because the 5d — 4f transi-
tions of europium are linked with changes in electric dipole
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Fig. 3 XRD pattern of Eu doped CaS nanophosphors
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and 5d excited state is influenced by crystal field effects. The
PL emission spectra of undoped and europium doped CaS
nanoparticles were recorded at room temperature for excita-
tion wavelengths 335 nm and 365 nm. Figure 4a gives emis-
sion spectra of various samples for an excitation wavelength
of 335 nm. From the figure, it is evident that for pure CaS
sample capped with TEOA, the emission spectrum consists of
a broad peak in the range 375-500 nm attributed to intrinsic
point defects present in the host lattice whereas for all capped
CaS: Eu samples the emission spectra consist of peaks at
590 nm and 613 nm corresponding to (°Dy— 'F;) and
(°Dy — "F») electronic transitions of europium [22, 23].
From the figure, it is found that for uncapped CaS doped with
0.03 M Eu, the emission spectrum consists of a broad peak
around 600 nm corresponding to 5d — 4f transitions of euro-
pium. Also, the PL intensity of this sample is found to be
lower than that of capped CaS: Eu nanophosphors having
the same concentration of europium (0.03 M) which shows
that capping has resulted in the enhancement of PL intensity.
The intensity of the peaks at 590 nm and 613 nm increases
with dopant concentration. Enhancement of Eu emission
shows that CaS nanocrystals have absorbed energy from the
excitation source and transferred this energy by non-radiative
recombination to Eu ions which act as luminescence centers.
The PL emission intensity reaches a maximum value for
0.06 M of Eu concentration and further decreases with in-
crease in the concentration of europium due to concentration
quenching.

The PL emission spectra of europium doped CaS nanopar-
ticles for an excitation wavelength 395 nm is displayed in
Fig. 4b which consists of sharp peaks at 590 nm and 613 nm
and minor peaks at 538 nm, 578 nm, 649 nm, 699 nm and
754 nm due to electronic transitions from the excited state °D;
(where i=0,1) to "F; (where J=0,1,2,3......). From the figure,
it is also evident that pure CaS do not give any emission for
this excitation wavelength. The PL intensity of TEOA capped
CaS nanophosphor is greater than that of uncapped CaS hav-
ing the same concentration of Eu (0.03 M). The emission peak
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Table 1 Average crystallite size
and lattice parameter of CaS:Eu Sample name Average crystallite size from Scherrer formula (nm) Lattice parameter(A)
nanophosphors

CaS bulk _ 5.689

CaS:Eu(0.03 M) uncapped 30 5.641

CaS:Eu (0.03 M) TEOA 28 5.640

CaS:Eu (0.05 M) TEOA 28 5.635

at 590 nm (SDO —F 1) is due to the magnetic dipole transition,
and this transition reflects the site symmetry of the Eu®* ion
[22-26]. The intensity of this magnetic dipole allowed transi-
tion is independent of the local environment. The peak at
613 nm (°Dy— 'F,) is allowed by electric dipole moment,
and it is called hypersensitive transition since it is very sensi-
tive to the local environment of Eu** ion and depends on the
symmetry of the crystal field. The other weak emissions at
538 nm, 578 nm, 649 nm, 699 nm and 754 nm are due to
the(’D; — "F), "Dy — "Fo)), (Do — "F3) (Do — "Fy)
an(°Dy — Fs) transitions respectively [23, 25, 26].

It is observed that in the case of TEOA capped CaS:Eu
nanophosphors, as the concentration of europium, is increased
the intensity of Dy — ’F; transitions also increase. The PL
intensity reaches the maximum value for 0.06 M Eu** con-
centration, and beyond this, it declines due to the phenomenon
of concentration quenching which occurs as a consequence of
non-radiative energy transfer between neighboring Eu’* ions.
This non-radiative energy transfer occurs due to exchange
interaction, radiative reabsorption or by multipole-multipole
interactions. The PL intensity generally increases as the effec-
tive distance between Eu>* ion decreases. However, when the
concentration increases beyond the critical value, as the dis-
tance between the Eu®*ions decreases non-radiative relaxation
occurs resulting in a decrease of PL intensity. This energy
transfer depends on the critical distance R¢ between
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Eu’*ions which can be calculated using the equation given
by Blasse which is as follows,

3V 1/3
Re=2(——
¢ <4chN>

where X, is the critical concentration of the dopant, N is the
number of Ca®* ion in the unit cell, and V is the volume of the
unit cell [27, 28]. For CaS, X.=0.06, N=4 and volume V =
0.1789 nm’. Using these values, the critical distance R is
obtained as 11 A_Since the value of R¢ is greater than 5 A,
the exchange interaction is no more effective. Hence it can be
concluded that concentration quenching is attributed to multi-
pole -multipole interaction between Eu’* ions.

The intensity ratio of (5 Dy — 7F2) to (5D0 — 7F]) transition
is called asymmetry ratio and is related to the local environ-
ment of Eu®* ions. Larger the intensity ratio, lower will be the
local symmetry denoting the absence of a center of symmetry
in the host lattice [23, 25, 26]. In a weak crystal field, the Eu’*
ion has high octahedral stabilization energy, and the Eu®* ions
will occupy octahedral sites of Ca®*. The asymmetry ratio for
various samples for excitation wavelength 395 nm is calculat-
ed and tabulated in Table 2. From these values, we can con-
clude that Eu®* ions occupy the non-centrosymmetric octahe-
dral sites in the surface of CaS nanocrystals. From the table, it
is evident that the asymmetry ratio increases with the
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Fig. 4 PL spectra of CaS:Eu nanoparticles for an excitation wavelength a 335 nm and b 395 nm
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Table2  Asymmetry ratio and the bandgap of CaS:Eu nanophosphors

Sample Asymmetry ratio Bandgap E, (eV)

CaS:Eu (0.03 M) uncapped 1.65 4.27

CaS:Eu (0.03 M) TEOA 231 4.48

CaS:Eu (0.04 M) TEOA 297 4.30

CaS:Eu (0.05 M) TEOA 2.99 433

CaS:Eu (0.06 M) TEOA 2.81 4.19

CaS:Eu(0.07 M) TEOA 2.68 4.01

concentration of europium and its maximum value is for
0.05 M of europium doped samples. Its value decreases with
further increase in doping concentration.

The Commission Internationale de 1’Eclairage (CIE) coor-
dinates (x,y) of CaS:Eu phosphors are calculated from the PL
emission spectra data in order to analyze the performance and
color purity of the synthesized phosphor. The color of any
object can be conveniently represented by a point on the
CIE chromaticity diagram through its color coordinates. The
CIE color coordinates of Eu doped CaS nanophosphors for
excitation wavelengths 335 nm and 395 nm are calculated and
tabulated in Table 3. The chromaticity diagram was plotted
(Fig. 5), and it was found that for an excitation wavelength
335 nm the chromaticity coordinates of all samples fall in the
yellowish white region (close to the standard white light
point). This may occur due to the existence of defect-related
emissions along with orange and red emissions. For 395 nm
excitation, the chromaticity coordinates of all samples fall in
the yellow region as shown in Fig. 5. Here even though the red
emission is stronger the resultant emission color is yellow due
to the overlapping of red, orange and defect-related blue
emissions.

03 04 05 06 0.7 0.8

Fig. 5 CIE chromaticity diagram of CaS:Eu nanophosphors. Point a
corresponds to 0.03 M uncapped &0.04 M Eu doped samples, point b
corresponds to 0.03 M, 0.05 M, 0.06 M & 0.07 M Eu doped CaS
nanophosphors for an excitation wavelength 335 nm. Point ¢
corresponds to 0.03 M undoped; point d corresponds to 0.03 M,
0.04 M, 0.06 M & 0.07 M Eu doped samples and point e corresponds
to 0.05 M Eu doped CaS nanophosphors for excitation wavelength
395 nm

DRS Analysis

The DRS of the CaS:Eu nanoparticles are depicted in Fig. 6(1)
which shows increased reflectance in the visible region for all
the samples. The optical band gap of the nanoparticles can be

Table 3 CIE coordinates of

CaS:Eu nanophosphors for Excitation wavelength (nm) Sample CIE coordinates
excitation wavelengths 335 and
395 nm X y
335 CaS:Eu (0.03 M)uncapped 0.37 0.34
CaS:Eu (0.03 M)TEOA 0.35 0.31
CaS:Eu (0.04 M)TEOA 0.37 0.34
CaS:Eu (0.05 M)TEOA 0.34 0.31
CaS:Eu (0.06 M)TEOA 0.34 0.31
CaS:Eu (0.07 M)TEOA 0.34 0.30
395 CaS:Eu (0.03 M)uncapped 0.42 0.48
CaS:Eu (0.03 M)TEOA 0.40 0.48
CaS:Eu (0.04 M)TEOA 0.40 0.48
CaS:Eu (0.05 M)TEOA 0.43 0.47
CaS:Eu (0.06 M)TEOA 0.40 0.48
CaS:Eu (0.07 M)TEOA 0.40 0.48
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Fig. 6 1 DRS and 2 (hv * (k/s))l/2 versus hv curves of A) CaS:Eu (0.03 M)uncapped, B) CaS:Eu (0.03 M) TEOA, C) CaS:Eu (0.04 M) TEOA, D)
CaS:Eu (0.05 M) TEOA, E) CaS:Eu (0.06 M) TEOA and F) CaS:Eu (0.07 M) TEOA capped nanophosphors

determined from the Kubelka-Munk relation given by,

;2
F(R):(lzg) :é (4)

where F(R) is the Kubelka-Munk function, R is the diffuse re-
flectance, k is the absorption coefficient, and s is the scattering
coefficient [29, 30]. The value of [k/s * hv]"? is calculated from
the DRS data, and a graph is plotted with energy hv along X-axis
and [k/s * hv]"? along Y-axis [Fig. 6(2)] to obtain the bandgap E,
of the samples which is displayed in Table 2. The value of band
gap for TEOA capped CaS:Eu (0.03 M) is found to be greater
than that of uncapped CaS: Eu (0.03 M) which may be attributed
to the decrease in particle size on capping. The bandgap of all
TEOA capped CaS:Eu nanophosphors are found to be lower
than that obtained for undoped TEOA capped CaS
nanophosphor in our previous work [31] which may be attributed
to band tailing effect [32, 33] caused by the narrowing of
bandgap due to increase in carriers and interaction between the
carriers and impurities present in the samples. The decreasing
trend in bandgap for capped samples with increase in doping
concentration can also be attributed to the same effect.

XPS Analysis

XPS analysis of TEOA capped CaS:Eu nanoparticles was carried
out to identify the presence of the elements calcium, sulfur and
europium and their valence states in the host CaS matrix.
Figure 7a—c depicts the high-resolution XPS spectra of Ca 2p,
S 2p, and Eu 3d. The peaks at 347.2 and 350.6 eV are associated
with Ca 2p3/2 and Ca 2p1 1, and the difference in binding energy is
3.4 eV which indicates the divalent state of Ca ion in the CaS
crystal lattice [34]. The peak at 167 eV is associated with S 2p
level [13, 34]. The core level binding energies of Eu *ds, and Eu
3ds, are found to be 1164.8 and1135.3 eV respectively which
shows that Eu ions are present in a trivalent state on the surface of
the host lattice [13, 34-36]. Thus from XPS analysis, it is evident
that Eu®* ions are successfully incorporated into the Cas$ lattice.

Cytotoxicity Analysis

For cytotoxicity studies, 0.06 M Eu doped CaS nanoparticles
were used since they exhibit optimum PL intensity. L929 fi-
broblasts cells were treated with varying concentrations of

— 9000 3.0x10%
B 2
a Ca'py, b S2p ¢
40000+ 8000 Eu’dg),
 35000- _ ] Eu® Euddy,
a £ 70004 € o
S 30000 Ca'p 8 32.5x10% Eu
o 112 = (8]
Q 25000+ 3 60004 e
> e =
G 200004 z 2
[}
£ 15000 § 500 £
= 2.0x10%
10000 4000
5000 v . — 77— . T T
340 345 350 355 160 162 164 166 168 170 172 174 176 1130 1140 1150 1160 1170

Binding energy (eV)

Binding energy (eV)

Binding energy (eV)

Fig. 7 XPS of a Ca2p b S2p and ¢ Eu3d core levels for TEOA capped CaS:Eu (0.03 M) nanophosphors
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Fig. 8 Graph showing percentage viability versus concentration of
CaS:Eu nanoparticles using MTT assay after 24 h of incubation

CaS: Eu nanophosphors and cell viability were estimated from
MTT assay method. The percentage of viability was deter-
mined using the formula:

Mean OD of the Samples

P t f viability =
ercentage of viability Mean OD of the control group

(5)

Fig. 9 Microscopic images of
L1929 human fibroblasts cells
treated with varying
concentration of CaS:Eu
nanoparticles a control b 6.25 ¢
12.5d 25 e 50 and f 100 (pg/mL)
of CaS:Eu nanoparticles
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where OD represents the optical density of the samples.
Cell viability of all the test groups (6.25 to 100 pg/mL)
was calculated to be more than 70%. Figure 8 illustrates
the cytotoxicity analysis results using MTT assay which
was conducted to check the cell survival rate after 24 h
of incubation with CaS: Eu nanoparticles. Mean of the
average OD of the samples were different from the con-
trol group, but the viability of the cells were more than
70% in all the samples tested which is well above the
70% cut off for cytotoxicity as recommended by ISO
10993-5: 2009 (Biological evaluation of medical devices
part-5: Tests for in-vitro cytotoxicity). Hence our results
show that the cells remain viable for all the dosages
treated with relatively higher viability (90-80%) for low-
er dosages of the sample. From Fig. 8 it is evident that
as the concentration of the sample increases the number
of viable cells also decreases. The concentration of the
sample which inhibits 50% of the cells is denoted by
ICsp, and its value is found to be 197 pg/mL
(Calculated using ED50 PLUS V1.0 Software).

The entire plate was observed after 24 h of treatment of the
samples in an inverted phase contrast tissue culture micro-
scope, and microscopic observation was recorded as images.
Figure 9a—f gives the microscopic images of the control group

100 um

100 um
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Fig. 10 FTIR spectra of a TEOA capped CaS:Eu (0.03 M) and b
uncapped CaS:Eu (0.03 M) nanophosphors

and the test groups treated with varying concentration of the
sample. From the images, we can see that the addition of
nanoparticles up to 50 pg/ ml have not brought considerable
changes in the cells and all the images are almost identical to
that of the control. Also, there is no visible change in mor-
phology of the cells such as rounding or shrinking of the cells,
granulation or vacuolization of the cytoplasm of the cells
which shows that the nanoparticles are not toxic to the cells
at these concentrations. However, for 100 pg/mL concentra-
tion the cell images show some signs of cell damage. Hence,
our results are in agreement with that of MTT assay analysis
for toxicity of the cells. The above data demonstrates that
nanophosphors exhibit a negligible toxic effect on the cells
at lower dosages and have the potential to be used for biomed-
ical applications.

FTIR Analysis

FTIR spectra of uncapped and TEOA capped CaS:Eu
nanophosphors were recorded in the range 4000—500 cm ™
and is shown in Fig. 10. The spectra consist of absorption
bands at 2359 cm ' and 1491 cm ' corresponding to C-H

Table 4  Various absorption peaks and corresponding bonds in CaS:Eu
nanophosphors

Bond Absorption peaks

O-H 3600 cm !, 3300 cm !, 3290 cm !

N-H 3300 cm !

C-N 1151 cm™

Cc-0 1218 ecm ™', 1211 em !, 1066 cm',1010 cm ™, 1000 cm !
C-H 2900 cm ', 2359 ¢cm ', 1500 cm !

stretching and bending vibrations [37, 38]. The FTIR spec-
trum of TEOA capped CaS: Eu nanoparticles (curve A) shows
peaks at 3300 cm™ ' which suggest the presence of O-H and N-
H group. The peaks at 2900 cm™ ' and at 1151 cm ™" are attrib-
uted to C-H and C-N stretching vibrations of TEOA [39]. The
absorption peaks at 1218 cm ™', 1066 cm™' and 1010 cm ™’
correspond to stretching of C-O bond present in TEOA
[36-39]. The FTIR spectrum of uncapped CaS: Eu (curve B)
also consists of peaks corresponding to O- H, C-H, and C-O
bonding since it is prepared in 2- propanol. The broad peak
ranging from 3600 to 3300 cm ™ in this case, arises due to O-
H stretching vibration, and it can also be attributed to the
formation of calcium hydroxide by absorption of moisture
from the surroundings which is evident from XRD pattern
portrayed in Fig. 3. Various absorption peaks and correspond-
ing bonds in CaS: Eu nanophosphors are tabulated in Table 4.
Thus, the presence of various bonds in the samples are con-
firmed by FTIR analysis.

Conclusions

Highly fluorescent yellow emitting Eu®*" doped Ca$S
nanophosphors were synthesized by a simple, cost-
effective and eco-friendly wet chemical method. TEM
and FESEM analysis confirmed the spherical morpholo-
gy of the particles having a diameter within the nano-
scale range. The emission color can be tuned from yel-
lowish white to yellow by exciting the samples at wave-
lengths 335 nm and 395 nm. The PL emission spectra
consist of highly intense peaks in the red region which
confirms that Eu ions occupy non-centrosymmetric oc-
tahedral sites in the CaS nanocrystals. The optical
bandgap of the TEOA capped CaS:Eu nanophosphors
decreases with increase in the concentration of europi-
um. The successful introduction of Eu®* ions into the
CaS host lattice is confirmed by XPS analysis.
Cytotoxicity analysis of the nanoparticles on human cell
lines using MTT assay revealed that the prepared nano-
particles are biocompatible over a wide range of con-
centrations which makes them a potential candidate for
biomedical applications. FTIR analysis confirms the
presence of various bonds in the prepared samples.
The prepared nanoparticles had high PL intensity, purity
and stability which makes them promising candidates
for applications in solid-state lighting technology, opti-
cal displays, and bioimaging.
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