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Abstract

Barium tungstate (BaWO,) nanocrystals were successfully synthesized using a reverse microemulsion method. The effects of
the molar ratio of water to surfactant (w,), reactant concentration, and aging time on the size and morphology of the BaWO,
nanocrystals were investigated. The obtained products were characterized by scanning electron microscopy and X-ray dif-
fraction (XRD). The experimental results showed that the morphology and size of the as-prepared BaWO, nanocrystals were
greatly affected by the @, and the initial concentration, but no obvious effect by the aging time. XRD analysis showed that
the BaWO, nanocrystals synthesized had the high purity under conditions of initial reactant concentration of 0.2 mol/L, w,
of 40, at temperature of 50 °C and aging time of 24 h. Photoluminescent spectra revealed that BaWO, crystallites displayed

a very strong peak at 351 nm under different aging time.

1 Introduction

Recently, micro- and nanoluminescent materials have
attracted wide attention and interest, BaWO, nanomaterials
with a white tungsten appearance has interesting proper-
ties such as photoluminescence, thermoluminescence and
stimulated Raman scattering, and show potential application
in fields such as optoelectronics, medicine, and spectroscopy
[1-3], especially as fluorescent material, it has good applica-
tion potential in optical field [4-6]. Various BaWO, nano-
materials with different morphologies have been prepared
using a range of methods, such as reverse micelle [4], solu-
tion route [5, 6], template-free precipitation [7], chemical
bath deposition [8], co-precipitation [9—11], hydrothermal
[12, 13], and template techniques [14, 15]. These methods
usually require high temperature or complex equipment, and
relatively long reaction time, which hinders the application
of BaWO, to some extent.

As an important method for the synthesis of nanomateri-
als, microemulsion method has been widely used for the
synthesis of BaWO, nanomaterials. The microemulsion
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could be classified to two kinds: positive-phase (O/W) and
reverse-phase (W/O) microemulsion. He et al. [3] reported
the synthesis of BaWO, nanocrystals with hedgehog-shaped,
bundle-like, and rod-like scheelite structures using a posi-
tive-phase microemulsion method through controlling the
concentration of surfactants. The reverse-phase microemul-
sion method can be widely used as a microreactor for the
purpose of controlling the size and shape of particles con-
veniently through controlling w, (w, is the molar ratio of
water to surfactant), reactant concentration [16, 17]. Zhang
et al. [17] reported fishbone-like nanoassembled BaWO,
structures which could be prepared using a reverse-phase
microemulsion method. However, there is no study on the
effect of w,, reactant concentration, and aging time on the
size and morphology of the BaWO, nanocrystals. In this
study, we report the synthesis of BaWO, nanocrystals by
reverse microemulsion method. The effects of w,, reactant
concentration, and aging time on the size and morphology of
the BaWO, nanocrystals were investigated and high optical
quality was confirmed by testing them in photoluminescent
spectra.
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2 Experimental
2.1 Preparation of inverse microemulsion A

Preparation of Na,WO, reverse microemulsion A: 25 mL
cyclohexane, 6.78 mL surfactants (Triton X-100), and 2 mL
0.2 mol/L. Na,WO, solution were added to a round-bottom
flask sequentially under continuously magnetic stirring
(500 rpm). Then, 2.78 mL cosurfactant (1-hexanol) was
added to the mixture and was stirred for 15 min via strong
magnetic stirring (1000 rpm), until a transparent and reverse
microemulsion was obtained. In that case, the molar ratio of
water to surfactant (w,,) is 10, and the molar ratio of cosur-
factant to surfactant (P) was calculated, which is the optimal
value, it is 2.01, the inverse microemulsion A with w, value
of 20, 30, 40, and 50 was prepared under the same condi-
tions (Table 1).

Preparation of Ba(NO;), reverse microemulsion B: the
Na,WO, solution was changed to Ba(NO;), solution, and
the reverse microemulsion B was prepared using the same
methodology as that of the microemulsion A.

2.2 Preparation of BaWO,

BaWO, nanocrystals were prepared using a reverse micro-
emulsion route, as shown in Fig. 1. The Ba(NO;), reverse

microemulsion B was slowly mixed with the Na,WO,
reverse microemulsion A and gentle magnetically agitated
for 1 h to let the system white and turbid.

Then, the mixture reverse microemulsion was aged
at 50 °C for 24 h and a white precipitate was obtained.
After separating the white precipitate by centrifugation
and removing the adsorbed surface-active agent and other
organic solvents by ultrasonically washing for five times
using absolute ethanol, the BaWO, product was obtained.

2.3 Characterization of the nanocrystals BaW04

To avoid conglomeration and aggregation, the BaWO,
nanocrystals were dispersed in an anhydrous ethanol
under the assistance of ultrasonic for 15 min. Then, a small
amount of the dispersion was dropped on to a conductive
glass slide and dried in a drying oven for 1 h to prepare
samples for characterization. These samples were charac-
terized using scanning electron microscopy (SEM; JEOL
JSM-6300) and X-ray diffraction (XRD; D§ ADVANCE
X’pertPro diffractometer). The room-temperature photolu-
minescent (PL; perkin-elmer LS55) spectra of the samples
were obtained on a fluorescence spectrometer.

Z?::ler;a Cg?ll:;u:;tg (E}(]):ui?:():ltl;r:t (20 chclohexane (mL) Vsurfaclants (mL) Vcosurfaclant (mL) X;;)Idj;m tungstate or barium nitrate solution
based on P=2.01

10 25 6.78 2.78 2

20 25 3.39 1.38 2

30 25 2.26 0.93 2

40 25 1.70 0.70 2

50 25 1.36 0.56 2

Characterization of the nanocrystals BaWO,
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Fig. 1 Schematic diagram of BaWO, nanocrystals using a reverse microemulsion route
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3 Results and discussion

Figure 2 shows that the length and diameter of the
obtained BaWO, nanocrystals varied with o, under a
concentration of Ba(NOs;), solution of 0.2 mol/L, a tem-
perature of 50 °C, and an aging time of 24 h. The length
of the BaWO, nanocrystals varies approximately, such as
250 nm in Fig. 2a, 750 nm in Fig. 2b, 3100 nm in Fig. 2c,
and 4200 nm in Fig. 2d. The diameters of the BaWO,
nanocrystals increased with w,, which are approximately
20, 70, 260, and 420 nm with o, of 20, 30, 40, and 50,
respectively.

With the increase of w,, the amount of water is 2 ml
and the amount of surfactants is relatively insufficient, so
the water core is prone to deformation and changes from
aregular spherical shape to a rod shape. When the micro-
emulsion (A) and the microemulsion (B) were mixed and
stirred, the water nuclei of the rod-shaped reverse micelles
in the microemulsion collided with each other, which leads

Fig.2 SEM morphology of
BaWO, under different @,
values

to the fusion and self-assembly of two water nuclei into
a rod-shaped water nucleus containing Ba>* and WO,
and BaWO, is nucleated and grown in this water nucleus,
forming several nanoparticles, which are restricted by the
template of the rod-shaped water nucleus, and, thus, are
clustered and arranged into the rod-shaped morphology
[18, 19].

Figure 2 also shows that the morphology of BaWO,
nanocrystals with @, of 40 is the best, the morphology is the
most regular, the rod size and the length are uniform, but @,
is 50, the shape of some rods becomes irregular or massive,
both the rod size and the length are uneven, indicating that
the water core has been deformed. The experimental results
show that, when w, is 60, the product is no longer available,
indicating that o, of 50 is in a transition state that cannot
form a water—nucleus interface membrane well.

Figure 3 shows that the average length of the BaWO,
nanocrystals is 2100 nm in Fig. 3a, 2900 nm in Fig. 3b,
3200 nm in Fig. 3c, and the average diameters are 120,
210, and 280 nm, respectively, when o =40, the aging
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Fig.3 SEM morphology of
BaWO, under different initial
concentrations

¢=0.05 mol/L

¢=0.1mol/L

¢=0.2 mol/L

time is 24 h, the temperature is 50 °C, and the Ba(NO;),
concentrations are 0.05, 0.1, 0.20, and 0.3 mol/L, respec-
tively. The length and diameter of the BaWO, nanocrystals
increase with the concentration of the Ba(NOs), solution, it
is because the amount of reactant contained in water core
increases with the concentration of the Ba(NO;), solution.
Thus, this leads to the increase of the length and diameter
of BaWO, nanocrystals.

In addition, Fig. 3d shows that when the concentration of
Ba(NO;), solution reaches 0.30 mol/L, the prepared micro-
emulsion system becomes turbid and cannot form a uniform
and stable microemulsion system, resulting in the formation
of the BaWO, agglomeration phenomenon. This is due to
the concentration of the solution being higher and with more
charges present, and thus, the particles become extremely
unstable and form agglomeration.

Figure 4 shows the SEM photographs of BaWO,
nanocrystals under Ba(NO;), concentration which is
0.2 mol/L, t=50 °C, w,=40, and aging time of 24, 48,
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¢=0.3mol/L

and 72 h, respectively. The average length of the BaWO,
nanocrystals is about 4100 nm in Fig. 4a, 4200 nm in
Fig. 4b, and 4000 nm in Fig. 4c, respectively, the average
diameters are about 220, 240, and 230 nm, in turn, illustrat-
ing that aging time has no obvious effect on the length and
the diameters of the BaWO, nanocrystals, this is because
crystallization and dissolution form a balance.

Figure 4 also shows that photographs of BaWO,
nanocrystals are rod shape, it is because that Triton X-100
is a non-ionic surfactant and its micelles have a little effect
on the confinement of BaWO, nanocrystals. When Ba(NOs),
and Na,WO, aqueous droplets are added to the Triton X-100
solution, Ba** and WO42' are ionized, respectively, and
then, the concentration products of Ba(NO;), and Na,WO,
reach the concentration product constant of BaWO,, which
form fine BaWO, nuclei and the solution becomes supersat-
urated. During the subsequent crystal growth process, larger
particles swallow smaller particles to grow the BaWO,
nanocrystals [20].
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aging time=24h

Fig.4 SEM morphology of BaWO, under different aging time

(112)

(200 09 61

Intenisty

BaWO, (43-0646)

I | T W T T

20 0 4 %N 6 70 &
26()

Fig.5 XRD spectra of BaWO,

Figure 5 shows the XRD spectra of BaWO, nanocrystals
synthesized by hydrothermal reaction at 50 °C during an
aging time of 24 h, Ba(NO3), concentration of 0.2 mol/L,
and w,=40 under the action of surfactant Triton X-100. It
can be calculated by the lattice parameters a=b=0.5610 nm
and ¢=1.2681 nm and observed that the main diffraction
peaks of the sample are consistent with the standard cards of
tetragonal BaWO, (JCPDS, NO. 43-0646, a=b=0.5612 nm
and ¢=1.2706 nm), which indicates that the synthesized
BaWO, nanocrystals have good high crystallinity. No other
impurity peaks can be observed in Fig. 5, indicating that the
products were pure tetragonal BaWO, nanocrystals.

PL properties of the as-prepared BaWO, samples at dif-
ferent aging time (24, 48, and 72 h) were also investigated.
As shown in Fig. 6, three samples show emission peaks at
351 nm, which have a certain blue shift compared with ref-
erences [17, 19], indicating that the fluorescence properties
of nanomaterials are greatly affected by their size and mor-
phology. However, besides the dominant peak at 351 nm,
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Fig.6 PL spectrum of BaWO, under different aging time

some weak peaks at the positions around 440 nm, 465 nm,
and 275 nm; it is because that the fluorescence emission of
BaWO, powder was caused by its structural defects [21].
Furthermore, PL spectra of three samples have no obvious
difference with an aging time, illustrating that aging time
has no obvious effect on the length and the diameters of the
BaWO, nanocrystals.

4 Conclusions

BaWO, nanocrystals were synthesized using a reverse
microemulsion method and is provided with an easy way to
operate. The particle size and shape of the BaWO, nanocrys-
tals increased with w,. The length of the BaWO, nanocrys-
tals ranged from 250 to 4200 nm and the diameter from 20
to 420 nm. The initial concentration of the reactants greatly
influenced the morphology of the materials. The length of
the BaWO, nanocrystals ranged from 2100 to 3200 nm, and
the diameters ranged from 120 to 280 nm. The aging time
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was found to have no obvious effect on the size and shape
of the particles, and the crystallinity of the BaWO, crys-
tals synthesized was found to be high under conditions of
a 50 °C temperature, an aging time of 24 h, Ba(NO;), con-
centration of 0.2 mol/L, and a @, value of 40. It exhibits an
excellent PL property and that their emission peak locates
at 351 nm.
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