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A series of efficient red phosphor K,SiFs:Mn*" nanoparticles with uniform morphology and dispersity

were successfully prepared through a fast liquid-solid-solution route at room temperature. Potassium

oleate and SiO, spheres/KMnQO, molar ratio play important role in the formation of nanorods structures.
When KOH/oleic acid quality ratio is about 2.5:1 and SiO, spheres/KMnO,4 molar ratio is about 1:10, the
length of nanorods is 1~2 um and the width is 300~700 nm. Under UV and blue excitation, K,SiFe:Mn**
samples show strong red emission, corresponding to the characteristic lines of Mn*".

1. Introduction

Mn*" doped materials have been extensively studied for lighting,
holography, laser, and dosimetry. There is a long list of Mn**
activated red-emitting phosphors, including SrTiO;, AlLOs,
YAIO;, Gd;GasO,, CaZrOs, Y,Sn,0, MgO.'" The Mn*"
emission wavelengths of these phosphors have broad absorption
band in 380~490 nm and sharp emission peaks at 610~760 nm
and the emission spectrum show a sharp line corresponding to the
spin- and parity-forbidden 2Eg —>4A2g transition in octahedral
sites, are all longer than that of Y,05:Eu*’(611 nm). The main
drawbacks of these phosphors are being synthesized by firing
host that is costly. Very recently, A series of Mn*" ions doped
hexagonal complex alkaline metal fluorides M,NF¢(M=K, Na,
Cs, N=Si, Ge, Zr, Ti, Sn) have been reported to solve this
problem. In the previous reports, M,NFs: Mn*" has been easily
and rapidly prepared by only chemical etching in HF/H,O
solution with the addition of an oxidizing agent at room
conditions and presents a strong and broad absorption band in
blue region® >,

Nanotechnology has show great promise in many applications, as
they usually exhibit electronic, optical, magnetic, and catalytic
properties which are distinct as compared to their corresponding
bulk materials, but it is well known luminescence efficiency of
nanocrystals is drastically lowered®. It is predictable that
advances in the synthesis of M,NF¢ nanostructures can drive even
more opportunities in this promising field. However, it still
remains a tremendous challenge to controllably synthesize
M,NF¢ nanostructures in a facile approach owing to the faster
reaction rate. To date, some soft-chemical methods have been
used for M,NF4s nanostructures with controlled phase,
morphology and chemical composition. Pan’s group has
synthesized BaSiFs:Mn*" nanorods by hydrothermal method’.
However, the hydrothermal method typically requires high
temperature, high pressure and long times. But reports on
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synthesis of K,SiFs:Mn*" nanoparticles are little. Hence, from
safety and energy-saving standpoints, the development of a facile
room-temperature (RT) solution-phase method to fabricate pure-
phase fluoride-based nanoparticles is still eagerly demanded®.

In this paper, we are in position of using an efficient one-step
method at room temperature to solve these problems with taking
advantage of all this previous knowledge. The K,SiFs:Mn**
nanoparticles that we obtained have perfect uniformity and
dispersity, luminescent properties compared to their
corresponding bulk materials. Then, systematically
investigated the effect of the reaction parameters (e.g., KOH/oleic
acid quality ratio, surfactants, SiO, spheres/KMnO, molar ratio
and reaction time) on the shape and luminescent properties. By
means of adjusting the synthetic parameters, K,SiFs:Mn**
nanoparticles with different sizes, length and width have been
obtained.

w¢

2. Experimental
2.1. Materials and synthesis

All the chemicals were of analytical grade and used as received
without further purification. The raw materials were KOH, oleic
acid, ethanol, HF (wt.40%), deionized water, KMnO,, TEOS and
ammonium hydroxide.

In our experiments, SiO, particles, have a diameter in the range
of 100~500 nm and good dispersion, as silicon source, were
prepared using TEOS and ammonium hydroxide by the Stober
method according to the previous reports’”. In a typical process,
KOH (1.2 g) was dissolved into the mixture of deionized water (8
mL), oleic acid (20 mL) and ethanol (8 mL) under magnetic
stirring to form homogeneous solution A. Meanwhile, 11 mL HF
(wt.40%) solution, 4 mL deionized water and 0.45 g KMnO,
were maxed to form solution B. After that, solution B was added
into solution A under magnetic stirring to form solution C. At
last, SiO, spheres were added into solution C, whilst vigorously
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stirring 30 min in room ambient. The molecular ratio of SiO,
spheres and KMnO, was 1:10. In order to control the
morphologies of K,SiFs:Mn* micro-particles, KOH/oleic acid
mass ratio and SiO, sphere/KMnO, molecular ratio were varied.
After reaction, the products collected by centrifuge were washed
by ethanol several times and dried at 80°C in air.

2.2. Characterization

The X-ray powder diffraction (XRD) pattern was recorded using
a Japan Rigaku DMAX 2000 diffractometer equipped with
graphite monochromatized Cu Ka radiation (A=1.5418 A) (40
Kv, 30 mA) irradiated at a scanning rate of 4 deg/min over a 26
range from 10° to 80°. The field-emission scanning electron
microscopy (FESEM) images were obtained using a JEOL JSM-
7500F microscope operated at an acceleration voltage of 15 kV.
A JEOL JEM-200CX microscope operating at 160 kV in the
bright-field mode was used for transmission electron microscopy
(TEM). Selected area electron diffraction (SAED) pattern was
performed on a JEOL JEM-2010 electron microscope operating
at 200kV and the binding energy of Mn was analyzed by a VG
Scientific ESCLAB 220iXL X-ray photoelectron spectrometer
(XPS). FT-IR spectra were collected using a Nicolet Avatar 370.
The photo-excitation (PLE) and photo-luminescence (PL) spectra
were measured using a HITACHI F-4600 FL Spectrophotometer
and performed at room temperature and the luminescence decay
in visible was recorded by using a FLS920 fluorescence
spectrophotometer.

3. Results and discussion
3.1. XRD analysis of K,SiFg:Mn** nano/micro-particles

In the synthesized process of K,SiFs:Mn*, KOH/oleic acid
quality radio and SiO, spheres/KMnQO, molar ratio influence the
microstructures and crystallinity of K,SiF4, Figure 1 shows the
XRD patterns of some typical K,SiFg:Mn*" samples, such as
nanorods (Figure la and Figure 1b), micro-particles (Figure 1c).
Their XRD patterns are indexed to the JCPDS card (07-0217)
and no other impurity peaks are detected. These XRD results
indicate that K,SiFs:Mn** can be successfully prepared by using
an efficient one-step method in room ambient.
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Figure 1. XRD patterns of typical K,SiFs:Mn** samples with different
shapes.

3.2. The influencing factors in the shape controlled synthesis
of K,SiFg:Mn*

In order to get a full understanding about the shape control of
K»SiFe:Mn*" in a reaction system, several important synthetic
factors are investigated, including KOH/oleic acid quality ratio,
different kinds of surfactants, SiO, spheres/KMnO, molar ratio ,
reaction time and so on. In the following paragraphs, the
influence of these factors on the shape and microstructure of the
products are commented in detail.

3.2.1. The influence of KOH/Oleic acid quality ratio in the
mixed solvents.

Due to the different experimental methods, the different solubility
of inorganic raw materials and the different reaction time, the
morphologies of K,SiFg:Mn*" are different from tradition
morphologies in previous experimentals™ ' ''. In our case,
KOH/oleic acid quality ratio in mixed solvents plays an important
role in the microstructure and growth. The morphology of
K,SiFs:Mn*" samples is regular changed by increasing KOH/oleic
acid. Hence, we study the influence of the KOH/oleic acid quality
ratio on the morphology of K,SiFg:Mn* samples at first. SiO,
spheres/KMnQO, molar ratio and reaction time are kept constant at
1:10, 30 min, respectively, KOH/oleic acid quality ratio is
changed from 0.5:1, 1.2:1 to 2.5:1, and the total mixed solvent
volume is 50 mL. The morphology and microstructure details of
as prepared K,SiFg:Mn** samples are investigated by FESEM and
TEM techniques. As shown in the Figure 2a;, when KOH/oleic
acid quality ratio is 0.5:1, in other words, potassium oleate is to
be less, it shows that the as-obtained products are composed of
particles with the average size in the range of 1~2 pm. Careful
observation from Figure 2a, indicates that many particles appear
uniform hexagonal facet, According to the image, the diameters
are about 950 nm. By increasing the quality ratio of KOH/oleic
acid, which is 1.2:1, as shown in Figure 2b,, the products grow
into nanorods on a large scale. As shown in Figure 2b,, the
individual nanorod structure has a length in the range of 1~2 um
and a width in the range of 300~700 nm. When KOH/oleic acid
quality ratio is 2.5:1, at so high KOH quality, the products still
maintain nanorods structures, but it is worth noting that their
exact structures are obviously changed. The each nanorod has a
length in the range of 4~6 um through observating from Figure
2c¢;, however, very careful observation indicates that they are
actually with a length of about 10 pm and a width of about 100
nm from Figure 2c,. From three insects in Figure 2, the
corresponding fast Fourier transform (FFT) pattern is observed,
show crystallographic planes (220) planes(Figure 2a,), (111)
planes (Figure 2b,), (111) planes(Figure 2c,) of the K,SiFg,
respectively. Therefore, nano-structure has similar growth planes.
From above three samples, it is easy to find the tendency that
increasing the amount of potassium oleate promotes the products
growing into different shapes. To further investigate the influence
of potassium oleate over the shape control, another series of
contrast experiments were carried out. Some reports proved that
oleic acid played a key part'>'® but in our case, if there are no
KOH are added into the mix solution, the products grow into

s micro-particles with a diameter of 5 um. At the same time, we
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also try to only increase or decrease the quality of oleic acid, but
it does not work, the products still grow into particles, which
indicates that oleic acid plays a secondary role. However, when
KOH/oleic acid mole ratio is 1:1, which means that they react

s completely, the products grow into nanorods with a length of
about 5 um and a width of about 400 nm. In another contrast
experiment, the quality of KOH is excessive, at the first time, we
think the products grow longer nanorods by adding KOH, to our
surprised, the morphology of K,SiFg:Mn*" is particles with a

10 diameter of 1 um, which indicates that the influence of potassium
oleate over the shape control is obvious and significant.

\I

Figure 2. SEM and TEM images of K,SiFs:Mn** samples obtained at
15 different KOH/oleic acid quality ratio: (a;—az) 0.5:1, (b1=b,) 1.2:1 and (c,—
¢;) 2.5:1. SiO, spheres/KMnO4 molar ratio and reaction time are kept
constant at 1:10, 30 min, respectively.

In order to control the morphology of samples, many works tried
to add some surface active agents in previous reports''®. In our
experimental range, it is necessary to understand the influencing
factors in the formation of the nano structure by adding some
surface active agents, such as PVP, cetyl trimethyl ammonium
bromide, PEG-600 and sodium stearate and so on. The products
turns out to be grown into some uniform particles with a diameter
25 of 1 wm, no nanorods can be observed in the samples, which are
obtained in the reactions using KOH and oleic acid. The result is
shown in Figure 3a; by using PVP in our solution. It is found that
the products are fairly uniform particles, Figure 3a, and Figure
3a; is the TEM of the K,SiFg:Mn*" and the selected area electron
diffraction patterns of K,SiFg:Mn*', which reveals that the
diameters of particles are about 980 nm. The corresponding fast
Fourier transform (FFT) pattern shows crystallographic planes
from Figure 3a;, in which the d spacing of 1.819 nm, 2.877 nm,
1.866 nm corresponds to (420) planes, (220) planes, (331) planes
;sof the K,SiFs, respectively. Hence, we believe that
CH;(CH,),CH=CH(CH,);COO"™ ions should be responsible for
the nano structure of K,SiFg:Mn*".

The FT-IR spectrum is used to prove the adsorption of
CH;(CH,),CH=CH(CH,),COO™ ions. The FT-IR spectra of
K,SiFg:Mn*" obtained through using PVP and KOH/oleic
acid/ethanol/deionized water are shown in Figure 3b.The IR
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bands at about 580 cm’ are attributed to the (-CH,-),(n>4)
bending vibration(p). Meanwhile, there is (C-H) and (-OH) at
about 1025 cm™ and 3455 cm™, respectively, but (-OH) is the OH
wide band of the carboxyl. The IR bands at about 1388 cm™ and
1531 cm™ are attributed to the (-CH;) asymmetrical stretching
vibration (vas), a common unit that is present in oleic acid. There
is the C=0O asymmetric stretching vibration (vas) at about 1663
em!, the C=0 asymmetric stretching vibration of

4

o

so CH3(CH,);CH=CH(CH,);COO" ions is at a higher wavenumber,
implying the presence of (-COOH)

19, 20

(eH,)

Wavenumber (em™')

Figure 3. (a;): SEM images of the K,SiFs:Mn*' samples using PVP. (a,):
TEM images of K;SiFs:Mn*". (as): Selected area electron diffraction
ss patterns of K,SiFs:Mn*. (b): The FT-IR spectra of K,SiFs:Mn** obtained
through using PVP (black) and KOH/oleic acid/ethanol/deionized water
(red), respectively.

3.2.2. The influence of SiO, spheres/KMnQO, molar ratio.

In the above discussions about the influence of the KOH/oleic
acid quality ratio, the samples are only prepared at the SiO,
spheres/KMnO, molar ratio of 1:10. In our experiment, besides
oleic acid provides K* ions, KMnQO, also provides K" ions. The
concentration of KMnO, changes in reaction holds a leading
position. In order to further investigate the shape dependence on
65 the amount of KMnQy,, SiO, spheres/KMnO, molar ratio changes
from1:0.5, 1:15 to 1:50, three series of raw materials ratio
dependent experiments are conducted in the 50 mL mixed
solutions with KOH/oleic acid quality ratio of 2.5:1, reaction time
is kept constant at 30 min. As shown in Figure 4a;, when the SiO,
70 spheres/KMnO, molar ratio is 1:0.5, the products show nanorods
morphologies on a large scale, these nanorods are uniform in
dimension. Their length is almost about 200 nm and width is
uniformly about 70 nm (Figure 4a,). When the SiO,
spheres/KMnO, molar ratio is 1:15, the products grow into
ss nanorods with a length of about 2~4 pm and a width of about
80~100 nm (Figure 4b,), which compared with the shown in
Figure 3¢y, it is found that the length of the products is becoming
shorter. In the high resolution SEM picture from Figure 4b,, these
nanorods are fairly even—distributed. As can be seen from Figure
s0 4cjand Figure 4c,, when the SiO, spheres/KMnO, molar ratio is
1:50, the products consist of uniform particles, which have
diameters of 1~2 pm.

=y
S
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Their SEM images reveal that the morphologies of K,SiFs:Mn**
change from nanorods to particles, with increasing KMnO,
content in the mixed solution. We also try to synthesise the
KZSiFé:Mn‘Hsamples in lower KMnO,4 content or in higher
KMnO, content, but it is found that the products grow into
shorter nanorods with lower KMnO, and larger particles with
higher KMnO,. Hence, from the above descriptions, when
KMnO, concentration is low, in the other words, one of raw
materials is not sufficient, so the achieved products that are
shorter nanorods. By increasing KMnO, molar ratio, the
concentration of CH;(CH,),CH=CH(CH,),COO™ is in a good
range, and the particles grow along on direction continuously,
therefore the longer nano rods are obtained, as shown in figure
4b. But, if the concentration of KMnO4 is too high, the reaction
rate is so fast that the absorbed CH;(CH,);CH=CH(CH,);COO~
cannot control the morphology growth, so irregular micro
particles are obtained, as show figure4c. Therefore, all these
morphologies information indicate an appropriate KMnO,
content makes the K,SiF¢ crystal growth tend to be complete and
perfect. We can find some evidence to support this point,
Solvothermal synthesis of NaYF, nanocrystals?', self-assembled
cubic-phase and orthorhombic-phase BaF, nanocrystals are
synthesized by LSS?, time-dependent growth of CeFs
nanoparticles'> and the synthesis of highly uniform and
monodisperse Ba,CIF; microrods®.

! 2 L 274 St
Figure 4. SEM images of K,SiFs:Mn*" samples obtained at different SiO,
spheres/KMnO, molar ratio: (a;—a,) 1:0.5, (b)—b,) 1:15 and (c,—,) 1:50.
The quality ratio of KOH and oleic acid and reaction time are kept
constant at 2.5:1, 30 min, respectively.

3.2.3. Effects of the reaction time

In order to more in-depth understanding of the evolution
mechanism of the K,SiFg:Mn*" nanorods, the products obtained
at different reaction time are observed by SEM shown in Figure
5. The quality ratio of KOH and oleic acid and SiO,
spheres/KMnO, molar ratio are set as 2.5:1, 1:10, respectively.
The time-dependent shape experiments indicate that the nanorods
grow very slowly. As shown in the Figure 5a, reaction time is set
as 10 min, the length of nanorods is almost about 80 nm and the
width is uniformly about 50 nm. When the reaction time was
added up to 20 min (Figure 5b), the obtained products consist of

45

nanorods with a length of 400 nm and a width of 70 nm. When
the reaction time is prolonged to 1 h, as shown in Figure Sc, a
series of nanorods with a length of about 2~6 um and a width of
about 90 nm form the sample, which look more perfect and the
size uniformity is greatly improved. Eventually, after 2 h, their
morphologies are shown in Figure 5d. It is found that the length
of nanorods is almost about 4~8 um and the width is about 150
nm.

so Based on the above time dependent experiments, the length is

55

getting longer and these results indicate that reaction time have
obvious effects on the mnanorods, which indicate that
morphologies of samples is manageable. Of course, other
parameters, including temperature, the initial pH value and so on,
also influence the morphologies of products, but we have no
more opportunities to make any changes, because if the
concentration of KMnQ, is increased or KOH/ oleic acid ratio is
higher, it will cause the size of K,SiFg:Mn*" greatly changes.
Considering the above points, we do not introduce and discuss

0 these factors here in detail.
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Figure 5. SEM images of K,SiFs:Mn* samples obtained at different
times: (a) 10 min (b) 20 min (c) 1 h (d) 2 h. The quality ratio of KOH and
oleic acid and SiO, spheres/KMnO, molar ratio are set as 2.5:1, 1:10,
respectively.

3.2.4. Growth mechanism for the nanorods.

A possible schematic illustration of formation mechanism of this
nanorods structure is described as follows. Meanwhile, all the
results indicate that the formation mechanism of the nanorods is
so complicated that there is no single factor that can decide the
morphology and size of the as-prepared nanocrystals. At first,
oleic acid and KOH synthesize the potassium oleate, which has
hydrophilic group and oleophilic group. Then prism seeds of
K,SiFe:Mn*" quickly nucleate and grow, undergoing the self-
assemble and dissolution-reconstruction process. When the
quality ratio of KOH and oleic acid is about 0.5:1 or less or SiO,
spheres/KMnO, molar ratio is about 1:50 or more, the adsorption
of oleic acid molecules on the surface of K,SiFgMn*" is
selective, which causes the limitation of some crystal orientation
and reduces the rate of reaction. In the end, the particles are
formed. However, when KOH/oleic acid quality ratio is about
2.5:1 or SiO, spheres/KMnO, molar ratio is about 1:10 or more
than 1:50, the reaction process is possible as follows. After the
addition of aqueous solution, an ion exchange process occurred
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between oleic acid and K* to form potassium oleate under
agitation, and simultaneously a phase transfer process occurred in
which the K" ions shift from the aqueous solution to the solid
phase of RCOOK". Along with the addition of F~ and Si*" in
turn, the oleic acid capped K* reacted with Fand Si*" to form
K,SiF¢ nanorods precipitation under agitation. In short, the
proportion of raw material controls the morphology of
K,SiF¢:Mn*". Meanwhile, the results may help in the control and
manipulation of the shape and phase of various nanocrystals®.

3.3. Luminescent properties of K,SiFg:Mn**

Figure 6 shows PLE and PL spectra of the K,SiF¢:Mn*" phosphor
with different shapes. Mn*" ion has the effective ion radius of
r=0.54 A and can be substituted for the Si** ion (r=0.40 A) in the
SiF¢> octahedra, but Mn?*(r=0.83 A) or Mn*" ion (r=0.65 A) does
not perceptibly do so?*. The peak at 365 nm originated from the
transiti0n4A2g—>4T1g of the MnF¢*ion in K,SiFg, and the same
energy separation as that for the4A2g—>4T2g transition at ~460 nm.
Meanwhile, the emission spectra excited at 365 nm and 460 nm
are measured, respectively, which show similar shape, indicating
that Mn*" locates only one type of crystal site in K,SiFg. The
relative intensity of emission spectrum excited at 460 nm is the
strongest, which indicates it is ideal as a red phosphor for LEDs.
The emissions centered at 615 nm, 632 nm and 649 nm, the peak
at 632 nm and 649 nm are ascribed to “E—*A transition of the 3d’
electrons in the MnF¢> . When these samples are irradiated by
365 nm UV emission lamp, it exhibits good red emission.
Meanwhile, the relative intensity of emission spectrum is
increased by the increasing KOH/oleic acid quality ratio. When
KOH/oleic acid quality ratio is 2.5:1, nanorods have better
luminescence properties than particles which are achieved.
Therefore, nanorods own superior property.

To further investigate that nanorods have better luminescence
properties, the XPS measurements are performed to examine
powders. Chemical species of potassium, silicon, and fluorine,
together with manganese species, have been detected on the
powders. Figure 7 shows the XPS spectrum for Mn with different
shapes, obtained at different KOH/oleic acid quality ratio 0.5:1,
1.2:1 and 2.5:1, but SiO, spheres/KMnQO4 molar ratio is 1:10,
reaction time is kept constant at 30 min. The results indicate that
Mn concentration in the red phosphor to be about 0.05 mol %, 0.3
mol % and 0.9 mol %, respectively. The XPS survey spectra in
high magnification are shown in the supporting information.
KOH/oleic acid quality ratio affects the absorption of Mn*" ions
is easy to be observed. In the mixed solution, KMnO, not only
offers K* ions, but also offers Mn*" ion. With increasing the
amount of potassium oleate, Mn*" ions are better absorbed and
luminescence properties are improved. Thus, KOH/oleic acid is
an important role to control the morphology and enhance
luminescence properties of K,SiFg:Mn*" phosphor. All results
prove that nanorods have better luminescence properties than
particles.
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Figure 6. Luminescent properties of K,SiFs:Mn** with different shapes
(Aem=0632 nm, A,=460 nm) at various KOH/oleic acid quality ratios (a)
2.5:1(b) 1.2:1 and (c) 0.5:1. SiO, spheres/KMnO, molar ratio and
reaction time are kept constant at 1:10, 30 min, respectively.
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Figure 7. XPS spectra of Mn obtained in different shapes at various

KOH/oleic acid quality ratios. SiO, spheres/KMnO, molar ratio and

reaction time are kept constant at 1:10, 30 min, respectively.

665 660

Simultaneously, the pink powder phosphor that is different from
the yellow powder phosphor achieved by other methods emits
strong red luminescence under a UV lamp as shown in Figure 8
insets. Figure 8 indicates that SiO, spheres/KMnO, molar ratio is

os reduced, the relative intensity of emission spectrum is not

increased. When the molar ratio is 1:10, the relative intensity is
strongest. However, the molar ratio is less than 1:10,
luminescence properties is weakening, which implies that not
only SiO, spheres/KMnO, molar ratio is other factor, affects the

720 morphology of K,SiF¢:Mn*', but also the property.
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Figure 8. Emission spectra of red phosphor K,SiFs:Mn*" obtained at
different SiO, spheres/KMnO, molar ratio. KOH/oleic acid quality ratio
and reaction time are kept constant at 2.5:1, 30 min, respectively. Insets:
digital photos of the phosphor K,SiFs:Mn*" nanorods(ay, a,) and particles
(b1, by) under (ay, by) visible light and (a,, by) 365 nm UV light excitation.
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At the same time, the luminescence of this red phosphor is
enhanced by increasing of reaction time up to 2 h (Figure 9), the
increase of emission intensity after 30min reaction is presumably
10 due to kinetics equilibrium of reaction and completing of
crystallization, but emission intensity of 1h reaction and 2h
reaction is similar, so there is no need to increase the reaction
time and KOH/oleic acid quality ratio or SiO, spheres/KMnQOy,
molar ratio needs to be well controlled. Otherwise,
15 thermostability and lifetime of the samples are tested. The results
suggest that K,SiF¢:Mn*" nanorods have the same thermostability
as K,SiFg:Mn* particles, and the PL lifetimes t determined are
8.17 ms for K,SiFg&:Mn*" nanorods with a length of about 10 ym
and a width of about 100 nm, 7.44 ms for K,SiFs;:Mn* nanorods
with a length of 1~2 pm and a width of 300~700 nm, 5.39 ms for
K,SiFg:Mn*" particles with 1 pm and 7.36 ms for K,SiF¢:Mn*"
particles with 10 pm. No large differences in T can be observed
between these various morphologies phosphors.

2

S

Agx=460nm

Intensity(a.u.)

660

620 640
Wavelength(nm)

25 Figure 9. Emission spectra of red phosphor K,SiFs:Mn*" obtained from
the various reaction times. KOH/oleic acid quality ratio and SiO,
spheres/KMnO, molar ratio are set as 2.5:1, 1:10, respectively.

Conclusions

In conclusion, K,SiFg:Mn*" nanorods are synthesized by the

30 dissolution—reconstruction—growth ~ mechanism. In  this
precipitation process, the existence of potassium oleate is a key
factor in the formation of nanorods structures. With increasing
the quality ratio of KOH/oleic acid, the morphologies of
K,SiFg:Mn*" are from particles to nanorods, which the diameter

35 is from 1~2 pum to 300 nm~700 nm. SiO, spheres/KMnO, molar
ratio is another key factor in the shape controlled synthesis.
K,SiFs:Mn*" morphologies are from nanorods to particles, which
the length is from 200 nm to 4 um, with adding the molar ratio of
SiO, spheres/KMnO,. However, low KOH/oleic acid quality ratio

40 and high SiO, spheres/KMnO, molar ratio are easy to produce
particles structures. Under UV excitation, K,SiFs;:Mn*" nanorods
and particles samples show strong red emission, but nanorods
samples show better luminescent properties and thermostability
than particles.
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Shape-controlled synthesis of K,SiFs:Mn*" nanorods

phosphor and luminescent properties
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K,SiFg:Mn4*
.
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A red phosphor K,SiFs:Mn*" nanorod is successfully prepared through
an efficient one-step method at room temperature in 30 min. Under UV

. . . + . . .
excitation, K,SiFs:Mn* nanorods show better red emission corresponding

to the characteristic lines of Mn*", compared to bulk materials.
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