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Abstract. Scheelite-type surfactant-assisted SrWO4 was prepared via a simple co-precipitation method. The effect of

various surfactants such as hexamethylenetetramine, polyvinylpyrrolidone, and sodium dodecyl sulphate, on the

structural, morphological and photoluminescence (PL) properties of SrWO4 was investigated. Powder X-ray diffraction

and the Rietveld profile refinement technique confirmed the tetragonal structure of all the as-synthesized SrWO4

materials. Among the three surfactants, particles with spherical morphology were observed for SDS-assisted SrWO4.

Surfactant-assisted SrWO4 exhibited bluish-green emission around 500 nm, ascribed to the presence of WO2�
4

� �

luminescence centre at 284 nm excitation, and the PL emission intensity significantly increased in the presence of

surfactant. Electron density distribution analysis of a single unit cell for all the prepared materials was investigated, and

correlated with the PL results.

Keywords. Surfactant; Rietveld analysis; PL studies; electron density distribution; luminescence centre.

1. Introduction

It is well-known that lighting is very essential in the current

era. Many researchers have developed various lamp sources

such as candles, oil lamps, halogen lamps, incandescent

lamps, mercury lamps and fluorescent lamps [1]. However,

conventional light sources have limitations, such as huge

energy consumption, minimum lifespan, low luminous

efficacy and carbon dioxide emission (CO2) that highly

affect the ecosystem [2]. In contrast, white light-emitting

diodes are highly beneficial compared to conventional light

sources because of their low power consumption at lumi-

nance, long lifespan, high luminous efficiency and eco-

friendly [3, 4]. Hence, it is essential to develop white LED

with high luminous efficiency.

To date, many number of inorganic phosphor materials

such as oxides, nitrides, silicate, borates, aluminates and

tungstates are used for the white light emission in light-

emitting diodes [5]. Among them, tungstate materials find

potential attention in energy and environmental applications

owing to their excellent physical, chemical and thermal

properties [6]. Mainly, SrWO4 is of great interest in

scintillation detectors, optical fibres, microwave applica-

tions, optoelectronic devices, light-emitting devices due to

its unique optical, magnetic, electrical and thermal proper-

ties [7].

In general, a few parameters such as crystallinity, sur-

face morphology and particle size highly influence the

light-emitting properties of a luminescent material [8, 9].

There have been many papers reported on the synthesis of

SrWO4 with high crystallinity and well-defined surface

morphology using diverse preparation methods such as

co-precipitation [10], hydrothermal [11], sol–gel [12], wet

chemical [13], polyol [14], solid-state reaction [15] and

surfactant-assisted [16] methods. Though each method has

specific advantages and limitations on the properties of a

material, the presence of surfactant during synthesis can

enhance their physicochemical properties [17]. Surfactant

plays vital role in controlling the synthesis of materials,

as they tend to decrease the agglomeration of nanoparti-

cles and increase the crystallinity with uniform mor-

phology [18, 19].
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Recently, Swathi et al [20] reported the hydrothermally

synthesized pristine and cetyl trimethyl ammonium bromide-

assisted tungsten sulphide (WS2), in which surfactant-

assistedWS2 showed90%retention in a 16-h catalytic activity

test with enhanced stability. In another report, hydrothermally

synthesizedWO3 nanostructures were used for dye-sensitized

solar cell application, in which the incorporation of sodium

dodecyl sulphate (SDS) during WO3 synthesis had greatly

influenced the surface microstructure, resulting in enhanced

photo-conversion efficiency [21]. Another study showed the

effect of surfactant on the photo-electrocatalytic activity of

ZnWO4, in which three different kinds of surfactants viz.
ethylene glycol, cetyl trimethyl ammonium bromide and

sodium dodecyl benzene sulphonate were used for the syn-

thesis ofmonoclinicZnWO4 throughhydrothermal technique.

From their report, it is found that surfactant is highly influ-

encing the microstructure and morphology of ZnWO4 [22].

Tian et al [16] reported the optical properties of SrWO4

materials prepared through a hydrothermal route using cetyl

trimethyl ammonium bromide surfactant.

By keeping these facts as a motivation, in this work, an

attempt has been made to prepare SrWO4 in the presence of

three different surfactants such as hexamethylenetetramine

(HMTA), polyvinylpyrrolidone (PVP) and sodium dodecyl

sulphate (SDS) using co-precipitation method. The detailed

structural information is very much essential for the fabri-

cation of a sensible device. An electron density distribution

analysis [20–24] for the SrWO4 material has been carried

out by extracting the in-depth local structure information

along with bonding properties. In order to get the in-depth

information about the luminescent properties of the SrWO4

samples, an investigation has been made by correlating the

obtained PL data with the electron density distribution

analysis.

2. Experimental

2.1 Materials

Strontium nitrate ((Sr(NO3)2, 99% AR grade purchased

from LOBA) and 99% AR grade of sodium tungstate

(Na2WO4�2H2O, purchased from LOBA) were used as

starting precursors. Hexamethylenetetramine (C6H12N4),

polyvinylpyrrolidone ((C6H9NO)n) and sodium dodecyl

sulphate (NaC12H25SO4) were purchased from Merck and

used as-received.

2.2 Sample preparation

SrWO4 material was synthesized using a co-precipitation

method. At first, equimolar concentration of Sr(NO3)2
(2.1163 g) and Na2WO4�2H2O (3.298 g) were dissolved in

100 ml of deionized (DI) water separately. Similarly, sur-

factant solutions were prepared by mixing the appropriate

quantity (above critical micelle concentration) of three

different surfactants viz. HMTA, PVP and SDS in 100 ml

DI under stirring condition. Na2WO4�2H2O and surfactant

solutions were simultaneously added dropwise to the solu-

tion of Sr(NO3)2 and continuously stirred for 1 h. A clear

white precipitate is formed during the reaction. The white

precipitate was gently extracted by centrifugation process

and thoroughly washed multiple times using ethanol and

DI. After that, the samples were dried at 120�C for 5 h. The

dried sample was calcinated at 700�C in air for 3 h to obtain

a surfactant-assisted SrWO4 material. The SrWO4 samples

obtained using HMTA, PVP and SDS were henceforth

designated as SrWO4:HMTA, SrWO4:PVP and SrWO4:-

SDS, respectively. The schematic representation of the

Scheme 1. The experimental procedure for the synthesis of HMTA-assisted SrWO4 (similar procedure is

adapted for the synthesis of other surfactant-assisted samples).

   62 Page 2 of 13 Bull. Mater. Sci.           (2023) 46:62 



preparation of HMTA-assisted SrWO4 is shown in

scheme 1.

2.3 Sample characterization

The crystallinity of the synthesized materials was deter-

mined using a Bruker D8 advanced ECO X-ray

diffractometer employing CuKa radiation with a step size of

0.02� in the 2h range of 10–80�. A scanning electron

microscope (SEM; ZEISS-Sigma 300 microscope) and an

energy dispersive X-ray spectrometer (HORIBA EMAX

X-ACT) were used to analyse the surface morphology and

elemental composition of the as-synthesized material,

respectively. The photoluminescence (PL) spectrum of all

materials was recorded using a Jobin Yvon Fluoromax-4C

Figure 1. (a) PXRD profiles of SrWO4 materials. (b) Enlarged diffraction pattern on (112) plane of SrWO4

materials. (c) Growth mechanism of SDS-assisted synthesis of SrWO4.
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Spectrofluorometer by employing 150W Xenon lamp as an

excitation source.

3. Results and discussions

3.1 Structural analysis

Figure 1a shows the observed powder X-ray diffraction

(PXRD) patterns of all the surfactant-assisted SrWO4

materials. The pure phase of tetragonal-structured SrWO4

was observed for all the samples in the space group of I41/a

and confirmed with the standard JCPDS pattern [7]. No

additional peaks were observed in the observed XRD pro-

files, suggesting the high purity of the prepared materials.

Figure 1b shows the enlarged diffraction pattern on (112)

plane of all the samples. Of all the surfactants, SrWO4:SDS

material showed maximum intensity indicating their high

crystallinity than that of other surfactant-assisted SrWO4

materials. In addition to that, the diffraction angle was

shifted towards higher value of 2h, as observed in figure 1b,

showing that the unit cell is of more compressive nature

Table 1. Refined structural parameters of SrWO4 materials.

Parameters/materials SrWO4 SrWO4:HMTA SrWO4:PVP SrWO4:SDS

a = b (Å) 5.4360 (7) 5.4201 (8) 5.3930 (3) 5.3915 (9)

c (Å) 12.0027 (3) 11.9656 (8) 11.9131 (8) 11.8999 (12)

a = b = c (�) 90 90 90 90

Volume (Å)3 354.59 (3) 351.32 (1) 346.41 (2) 345.49 (1)

Density (g cm-3) 6.28 6.34 6.43 6.44

Robs (%) 2.21 2.28 2.31 2.33

Rp (%) 4.95 5.12 5.34 5.22

GOF 0.21 0.22 0.23 0.23

Robs, reliability index for observed structure factors; RP, reliability index for profile; GOF, goodness of fit.

Figure 2. Rietveld refinement profiles of (a) SrWO4, (b) SrWO4:HMTA, (c) SrWO4:PVP and (d) SrWO4:SDS.
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(shown in table 1). Among all the samples, SrWO4:SDS

material exhibited more compressed unit cell than the other

samples.

Figure 1c displays the growth mechanism of SrWO4

particle in the presence of SDS. The surfactant SDS is

composed of a negatively charged hydrophilic group and a

hydrophobic carbon chain. When the SDS is mixed with

water, number of micelles are produced and once it exceed

their critical micelle concentration, uniformly distributed

SrWO4 particles were produced [25]. During the mixing of

strontium nitrate, sodium tungstate and SDS solutions, Sr2?

and WO4
2- ions attract each other leading to the formation

Figure 3. SEM images of (a) SrWO4, (b) SrWO4:HMTA, (c) SrWO4:PVP and (d) SrWO4:SDS

materials.

Figure 4. Energy-dispersive X-ray spectrometry spectra of (a) SrWO4; (b) SrWO4:HMTA; (c) SrWO4:PVP and (d) SrWO4:SDS

materials.
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of SrWO4. The micelle provides the adhesion between

SrWO4 molecules and as a result, uniform and monodis-

persed micron spheres were formed [25, 26].

The adhesion between SrWO4 molecules is less in the

case of PVP-assisted sample that can be attributed to the

absence of tail end of the polymeric surfactant PVP,

resulting in less crystallinity as indicated in PXRD of

SrWO4:PVP material (figure 1b). Similar XRD peaks were

observed for SrWO4:HMTA sample, which can be due to

the fact that HMTA surfactant acts as a capping agent

[27, 28]. During the reaction, HMTA helps to develop the

particle growth at the capping level. But the possibility of

static attraction of their surface group leads to the genera-

tion of uncapped particles that lowers the crystallinity and

induces the agglomeration [29] (figure 3b).

The Scherrer equation [30] was used to calculate the

average crystallite size of all the samples, which are about

19, 30, 36 and 56 nm for SrWO4, SrWO4:HMTA,

SrWO4:PVP and SrWO4:SDS, respectively. The maximum

crystallite size was obtained for SrWO4:SDS due to their

high crystallinity leading to less peak broadening of the

X-ray diffraction peak [31–33].

In addition, detailed structural information of all the

samples was investigated using the Rietveld refinement

analysis. JANA 2006 software [34] was utilized for the

refinement of observed PXRD, and the respective refined

profiles are shown in figure 2a–d [34–36]. The packing

diagram of SrWO4 unit cell is shown in the inset of

figure 2a–d. The structural parameters derived from the

Rietveld analysis are summarized in table 1. The role of

surfactant on the crystalline properties can be clearly

identified from the unit cell parameters and crystallite size

of the SrWO4 material. The unit cell parameters obtained

for SrWO4:SDS materials are found to be low than other

surfactant-assisted SrWO4 materials.

3.2 Morphology analysis

Figure 3a–d shows the surface micrographs of the synthe-

sized materials. The SEM image of surfactant-free SrWO4

shows highly aggregated structure with unclear morphol-

ogy. Likewise, SrWO4:HMTA exhibited the agglomerated

morphology that can be due to the maximum formation of

uncapped nanoparticles [29]. On the other hand, SrWO4:-

SDS sample showed a clear and spherical-shaped mor-

phology in micrometre range, whereas partial spherical

morphology was observed for SrWO4:PVP. This

Figure 5. PL spectra of (a) SrWO4, (b) SrWO4:HMTA, (c) SrWO4:PVP and (d) SrWO4:SDS materials

(from the centre break, the left spectrum is represented as the excitation peak, and the right-side spectrum

is represented as the emission peak).
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observation is due to the phenomenon that during the

reaction, the surfactant SDS controls the surface tension of

the precipitated SrWO4 suspension that stimulates the

crystal growth direction and facilitates the uniform growth

of crystals [37]. As a result, a narrow and highly intense

X-ray diffraction peak (figure 1b) was observed revealing

their high crystallinity with perfect spherical morphology.

The crystallinity and surface morphology of phosphors

significantly affect PL intensity and it is discussed in the PL

analysis.

Energy-dispersive X-ray spectrometry measurement was

carried out for all the SrWO4 samples (figure 4a–d), which

confirmed the presence of elements such as Sr, W and O in

the prepared materials.

3.3 PL analysis

In general, SrWO4 phosphor is reported to show remarkable

PL behaviour without the presence of activator ions sug-

gesting their self-activated photoluminescent property

[38, 39]. The activator ion has intrinsic characteristics that

will be used to create nonhomogenity in the host materials

for inducing the optical properties of the materials. SrWO4

host materials have existing self-luminescent centre that

helps to emit light without adding any activator ions while

excitation [40]. Furthermore, the luminescence behaviour of

SrWO4 materials can be enhanced by adding the surfactant

during the preparation. The addition of surfactant influences

the crystallinity and the morphology, resulting in the

Figure 6. Schematic diagram showing the formation of surfactant-assisted SrWO4 materials along with their morphology and PL

intensity comparison.

Figure 7. The Commission International de l’Eclairage

chromaticity coordinates for as-prepared SrWO4 materials.
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enhancement of optical properties of the self-activated

SrWO4 phosphors.

In the present work, the effect of surfactants on the PL

property of SrWO4 phosphor was demonstrated and the

respective excitation and emission spectra are shown in

figure 5a–d. All the samples showed broad excitation in the

wavelength range of 250–350 nm with a maximum value at

284 nm, while emission spectrum displays a broad peak in

the wavelength range of 350–700 nm with a maximum peak

value at 498 nm.

The reason for the luminescence behaviours of SrWO4,

SrWO4:HMTA, SrWO4:PVP and SrWO4:SDS is due to the

presence of structural defects that promotes electronic

transition within the confined energy levels [41]. The

tetrahedral matrix of the SrWO4 contains a [SrO8] group,

indicating 8 oxygen atoms are coordinated with Sr2?

cations forming a dodecahedral distorted geometry, while

the matrix also contains a [WO4] group, implying 4 oxygen

atoms enclosed in one tungsten atoms forming a tetrahedral

geometry [13]. The emission of 498 nm green luminescence

from the SrWO4, SrWO4:HMTA, SrWO4:PVP and

SrWO4:SDS materials can be ascribed to WO2�
4

� �
lattice

distortion of the tetrahedron symmetry [41] due to diverse

angles between the O–W–O and the surface defects of the

material. The broad emission peaks of all SrWO4 materials

are deconvoluted into two Gaussian curves. Primary emis-

sion around 490 nm showed pale green emission due to

intrinsic emission from the WO2�
4 matrix functioning as

luminescence centre. The secondary peak around 555 nm

shows yellow emission corresponding to the presence of

oxygen vacancies due to the deep lattice defects in the

SrWO4 matrix [17]. The high intensity of PL spectra is

detected in SrWO4:SDS materials, which are about 8 times

higher than that of SrWO4 and SrWO4:HMTA samples. The

effect of surfactant on the synthesis, and its influence on the

morphology, along with the enhancement of the lumines-

cent properties of the host materials are schematically

represented in figure 6 for the clear understandings of the

present work.

The observed PL results in the present study are very

much corroborated with the reported literature. Gupta et al
[42] prepared SrWO4 at different annealing temperatures,

such as 300, 500, 700 and 900�C using the polyol method.

They reported that the 490 nm PL emission was observed in

SrWO4 sample annealed at 700 and 900�C. In contrast, the

525 nm PL emission was observed in the SrWO4 sample

annealed at 300 and 500�C. They strongly suggested that

the 490 nm emission of SrWO4 is due to the electron–hole

recombination between oxygen and tungsten in the WO2�
4

matrix. The 525 nm emission is attained due to the addi-

tional defect levels generated within the bandgap of the

material. In the present study, the SrWO4 was prepared by

using surfactants and calcinated at 700�C. The ample cal-

cination temperature and effective retardation of surface

tension on the aqueous suspension performance of

Figure 8. Raman spectra of (a) SrWO4, (b) SrWO4:HMTA,

(c) SrWO4:PVP and (d) SrWO4:SDS samples.

Table 3. Assignment of Raman bands.

Raman shift (cm-1) Peak assignment

186 Free rotation modes of WO2�
4

234

332 W–O–W symmetric bending

369 W–O–W anti-symmetric bending

796 W–O anti-symmetric stretching

834

918 W–O symmetric stretching

Table 2. CIE values of SrWO4 materials.

Sample

CIE coordinate

x y

SrWO4 0.359 0.594

SrWO4:HMTA 0.341 0.598

SrWO4:PVP 0.322 0.608

SrWO4:SDS 0.329 0.618
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surfactant can develop the crystal growth and surface

morphology that permits the better PL performance of as-

prepared SrWO4. Sun et al [43] synthesized SrWO4 with

different morphology such as nanoparticles, nanopeanuts

and nanorods using the solvothermal-mediated microemul-

sion method. They reported that the 501 nm PL emission

was observed in SrWO4 nanoparticles and nanorods. But

contrarily, the 468 nm emission was observed in SrWO4

nanopeanuts. They suggested the distinct PL performance

of nanopeanuts SrWO4 is due to its surface roughness of

nanopeanuts, which leads to the large surface-to-volume

ratio that promotes the defects on the surface. The enhanced

PL emission is due to uniformity in particle size and shape

of phosphors. Uniform morphology can create more sur-

face-related defect centres leading to high PL efficiency

[44, 45]. In the present study, the clear spherical-shaped

morphology was obtained in SrWO4:SDS, which permits

the more surface-related defect centres that enhance the PL

intensity. Recently, Gao et al [38] synthesized SrMoO4/

SrWO4 micro/nano heterojunction phosphor using the

polyacrylamide gel method. They reported that the

SrMoO4/SrWO4 heterojunction displays the 440 nm emis-

sion under 310 nm excitation. Similarly, SrMoO4 and

SrWO4 phosphors prepared by the same method exhibit an

ultraviolet emission peak at 378 nm and sky-blue emission

at 465 nm, respectively. Their results suggested that the

internal charge transfer of MoO4 tetrahedron produces

378 nm UV emission and the lattice distortion of WO4

tetrahedron makes 465 nm sky-blue emission. It is stated

that the PL of SrMoO4/SrWO4 micro/nano heterojunction is

due to the lattice distortion of SrMoO4 and SrWO4. Fur-

thermore, their findings enunciated that the PL properties of

SrMoO4 and SrWO4 are strongly dependent on the synthesis

method. In the present study, SrWO4 was prepared using the

co-precipitation method, and surfactants were used to tune

the crystallinity and surface morphology. The high crys-

tallinity and clear spherical-shaped morphology were

obtained in SrWO4:SDS, which gives the high PL intensity.

The high crystallinity and spherical morphology of

SrWO4:SDS favours the possibility of a less number of non-

Figure 9. Three-dimensional electron density distribution of (a) SrWO4, (b) SrWO4:HMTA,

(c) SrWO4:PVP and (d) SrWO4:SDS with iso-surface level 1.5 e Å-3.
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radiative recombination process [7, 46, 47] in the

WO2�
4 matrix, which improve the high PL intensity. The

quantum yield of phosphor materials can be calculated based

on the number of emitted photons with respect to the number

of absorbed photons. In the present work, the quantum yield

for SrWO4:SDS could be higher than that of other samples

because of their high emission intensity (see figure 5).

Figure 7 shows the Commission International de

l’Eclairage (CIE) 1931 [48] chromaticity diagram of the

SrWO4 material with and without surfactant, which was

obtained using GoCIE software. The calculated CIE

parameters of all the SrWO4 materials are given in table 2.

From the table, it can be seen that the (x, y) projections of
SrWO4 and SrWO4:HMTA are observed in the light green

area, while SrWO4:PVP and SrWO4:SDS showing their

projections in the intense green region than the other. From

these results, it is revealed that the shift in the colour

coordinates to the left suggests that SrWO4:SDS materials

are good candidates for solid-state lighting applications,

especially in LED applications under UV excitation.

3.4 Raman spectral studies

Figure 8 shows the Raman spectral data obtained for SrWO4

samples with and without surfactants. The measurements

were performed in the spectral range of 170–1200 cm-1 at

room temperature. All the samples show characteristic

Raman peak corresponding to Scheelite-type SrWO4 with

tetragonal crystal structure. The spectrum has sharp intense

peaks at 332, 369, 796, 834 and 918 cm-1, and weak peaks

at 186 and 234 cm-1. There have been many literatures that

Figure 10. Two-dimensional electron density distribution maps of (204) plane in contour level

0–2 e Å-3 with interval of 0.25 e Å-3 of (a) SrWO4 (b) SrWO4:HMTA (c) SrWO4:PVP and

(d) SrWO4:SDS.
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explain the Raman characteristics modes of SrWO4 based

on group theory calculations. As per the group theory, it has

been explained that SrWO4 by Scheelite-type tetragonal

structure has 26 dissimilar vibrational active methods,

including of Raman and Infra-red. Among the 26 modes, 13

are Raman active and the others are categorized as IR active

modes, silent modes, acoustic modes and optic modes.

Out of 13 peaks, seven peaks were considered as internal

ways and remaining six were external modes. Internal

modes correspond to the vibrations of [WO4]
2- anionic

group in the tetrahedron configuration of SrWO4, while the

external modes arise from the lattice phonon vibration of

the Sr2? cations in SrO8 clusters with octahedral pattern and

the rigid molecular anionic group. In this study, all the

samples show seven internal Raman active vibrational

modes, and the peaks assignments are shown in table 3.

Generally, external modes of Raman peaks are observed in

region [150 cm-1. However, in the present study, those

external mode peaks cannot be detected due to instrument

spectral resolution limitation.

3.5 Electron density distribution analysis

The structural parameters extracted from the Rietveld

profile refinement process were used to study the electron

density distribution analysis [49, 50]. The maximum

entropy method (MEM) [51–53] was employed for calcu-

lating the charge circulation between atoms of a tetragonal

unit cell of SrWO4 system through electron density distri-

bution analysis. DYSNOMIA [54] and VESTA [55] soft-

ware were used for the MEM calculations and visualization,

respectively. In MEM, the unit cell is divided into the grid

in Np = Na9Nb9Nc pixels along the crystal axes a, b and

c with a resolution of 1 e Å-3 pixels. In this study, MEM

computation was used to divide the unit cell into

649649144 pixels. Figure 9a–d shows the tetragonal phase

3D charge density unit cell of all the SrWO4 samples, which

clearly visualized the spherical-shaped atoms of strontium,

tungsten and oxygen packed in a single unit cell. The sha-

ded light-green region surrounding all the atoms indicated

the electron clouds. Figure 10 represents the 2D miller maps

on (204) lattice planes drawn at the range 0 to 2 e Å-3 with

the interval of 0.25 e Å-3. From figure 10d, it can be seen

that the 2D map of SrWO4:SDS sample exhibited more

compressed contour lines between Sr–O and W–O atoms,

which denoted that the maximum number of electrons were

accumulated in the mid-bond valence region. The higher

Figure 11. One-dimensional electron density distributions of

SrWO4 materials.

Table 4. Bonding parameters of SrWO4 materials.

Samples

Sr–O W–O

Bond length (Å) Mid-bond electron density (e Å-3) Bond length (Å) Mid-bond electron density (e Å-3)

SrWO4 2.5831 0.5731 1.7873 0.6369

SrWO4:HMTA 2.5837 0.5976 1.7810 0.6442

SrWO4:PVP 2.5686 0.6126 1.7713 0.8569

SrWO4:SDS 2.5599 0.6975 1.7703 0.8624
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accumulation of contour lines leads to the maximum

electron orientation that indicates the covalent nature pos-

sessed by Sr–O and W–O atoms. These observations are

correlated with the high PL efficiency of SrWO4:SDS

material. Likewise, the cell constant values of the

SrWO4:SDS sample are low compared to the surfactant-free

and the other two surfactant-assisted SrWO4 materials. This

indicates that the atoms are arranged at close distances

within the unit cell of SrWO4, which impact the lower bond

length values between the atoms that expose the higher mid-

bond electron densities of Sr–O and W–O. The charge

accumulation and the bonding parameters are extracted for

all the samples using 1D electron density profile. Figure 11a

and b displays the 1D electron density profiles of the as-

prepared SrWO4 samples with and without surfactant. The

bond length and electron density values obtained for the

mid-bond of SrWO4 materials are shown in table 4. Among

all the samples, SrWO4:SDS showed high electron density

in the mid-bond region, confirming their enhanced PL

emission characteristics. The good crystallinity and clear

spherical-shaped morphology of SrWO4:SDS lead to the

better bonding and PL performance of the chosen material.

4. Conclusion

SrWO4, SrWO4:HMTA, SrWO4:PVP and SrWO4:SDS

materials were prepared using co-precipitation method, and

the samples were investigated to study the effect of sur-

factant on the structural, morphological and PL properties.

X-ray diffraction investigation revealed pure tetragonal

scheelite SrWO4 materials. SEM measurements showed that

among all the surfactants, SrWO4:SDS material possess

spherical-shaped morphology. The SrWO4:SDS showed

excellent PL performance with the emission of 498 nm

under 284 nm excitation due to its high crystallinity and

spherical-shaped morphology. From PL results, we con-

clude that the prepared SrWO4:SDS is the potential can-

didate for solid-state lighting applications.
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