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The transition metal phosphates (TMPQOs, M =Cr, Mn, Fe, Co, Ni, Cu) are synthesized via microwave metathesis
synthesis (MMS) with by-product sodium chloride which drives the MMS reaction to forward direction by dint of high
lattice energy. The synthesis procedure is achieved at 850 W powers in a domestic microwave oven for a short time as
10 minutes. The structural, morphological and thermal properties of CrPOs, MnPQOas, FePO4, CoPO4, NiPO4 and CuPQO4
powders are dissolved by powder X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning
electron microscopy/energy dispersive X-ray (EDS) analysis and thermogravimetric analysis (TGA). The unit cell
parameters and crystal systems of the products are determined by Rietveld refinement method via powder X-ray
diffraction data. All the samples with orthorhombic crystal system have same homogeneity of distorted circular micron
size particles and relatively higher thermal stability than the other metal phosphates.

Keywords: microwave metathesis synthesis, transition metal phosphate, lattice energy, Rietveld refinement method,

powder X-ray diffraction.

1. INTRODUCTION

The phosphor is one of the most abundant elements in
earth crusts. The phosphates are strictly formed by various
combinations of phosphor atom and one, two, or three
oxygen atoms resulting basic monophosphate or
polyphosphates. Monophosphate is demonstrated an
anionic (PO4)* group which has a regular tetrahedral
structure formed by phosphor and four oxygen atoms.
Monophosphates have been commonly entitled as
orthophosphates for a long time, and go on.
Monophosphates are a broad family of phosphates because
of well-known structure and thermal stability. The
complex phosphates can be formed by infinite chains of
monophosphates resulting (PnOsn+1) 2, (PnO3n)™ and
(P2m+n)Osm-3)) ™ compounds [1]. Especially in the last ten
years, importance of various types of phosphates has been
increased in the wide usage area such as molecular
elimination, ionic exchange and catalyst in inorganic and
organic processes [2, 3].

The ABX, type compounds are crystallized either in
zircon with space group l41/amd, Z ¥ 4 or scheelite
structure with space group 141/a, Z ¥ 4 [4] at ambient
conditions. Phosphates [5], zircon [6], orthovanadates
[7,8], chromates [9], fluorides [10], orthotungstates
[11,12], and molybdates [13] are the most widely
investigated ones which are applicable as solid state
scintillator materials, laser host materials, opto-electronic
devices, etc. These types of compounds have been
synthesized by high temperature solid state reaction [14],
precipitation [15, 16], hydrothermal [17, 18],
mechanochemical [19, 20], and micro-emulsion methods
[18, 21], etc. in the literature. The previously applied
syntheses methods have some disadvantages. Firstly,
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conventional solid state reactions process brings about
oxygen deficiency and large grain sized materials.
Secondly, pH regulation must be under proper control to
overcome the formation of undesirable phases in
precipitation method. Last of all, the wet processes take
long reaction time, use expensive equipment, possess
complicated stages and produce poor yield [22]. There is a
method except all of them called microwave metathesis
synthesis (MMS) driven by high lattice energy by-product
such as NaCl by microwave energy emerging as an
alternative method of synthesis of inorganic solids such as
vanadates, phosphates, borates [23, 24], oxides [25], etc.
[26,27]. In the microwave heating purposes, the
electromagnetic radiation with frequency range of
0.3—-300 GHz is used as narrow frequency window, and at
least one of the reactants must been interacted to
microwave field [32]. In general, microwave ovens are
preferred to use in laboratory scale, but large industrial
types of microwave furnaces can be applicable to obtain
large quantities of production in industry [28—-31]. There
are rising advantages of microwave heating; for instance,
improved product uniformity, higher yield, energy saving,
shorter processing time, and controlled microstructure
resulting obtaining of fresh materials with unique
properties [32-36]. The most fateful property of a
metathetic reaction is the formation of NaCl by-product
with high lattice energy ensured a local energy source
which acts as the fundamental driving force for the
reaction in a short amount of time [29]. When we consider
all these aspects, microwave metathesis reactions become
compulsory.

The remarkable side of this scientific research is
microwave metathesis synthesis of transition metal
phosphates (TMPO4, M =Cr, Mn, Fe, Co, Ni, Cu) and
calculation of unit cell parameters by Rietveld refinement
method for the first time as far as we know. The



morphological nature and vibrations of interatomic bonds
of CrPO., MnPO,, FePOs, CoPOs NiPOs and CuPO.
powders are controlled to show that performs of MMS.

2. EXPERIMENTAL SECTION

All chemical was supplied as analytical-grade by
Sigma and Merck. Heavy metal chloride (hydrate or
anhydrous) and aqueous sodium phosphate were used as
starting materials to obtain the defined compounds. As an
example, the preparation of chromium monophosphate was
carried out by grinding chromium chloride and NasPQOj in
a molar ratio 1:1 in an agate mortar followed by
microwave treatment in a domestic oven (2.45 GHz,
850 W powers) for 10 min. The final products were
washed with distilled hot water and recrystallized at
400 °C to get rid of by-product NaCl. The X-ray powder
diffraction analyses were realized two times; without
washing and after washing. All transition metal phosphates
were obtained in a same metathesis synthesis pathway.

The powder X-ray diffraction (XRD) measurements
were carried out by Panalytical X Pert Pro Diffractometer
and CuK, radiation (A = 1.54056 A, 40 mA, 50 kV) with a
scan rate of 1°%min with step size 0.02°. The Rietveld
analysis of the samples was done by using the High Score
Plus (HS+) Program (License number: 92000029). A
Siemens V12 domestic microwave oven was used to
synthesis of related compounds. Fourier transform infrared
spectrum (FTIR) was recorded on a Perkin Elmer
Spectrum 100 FTIR Spectrometer from 4000 to 650 cm.,
Scanning electron microscopy/energy dispersive X-ray
analysis was achieved in SEM JEOL 6390-LV/EDS.
Recrystallization process was achieved in a Protherm

conventional furnace. Perkin Elmer thermogravimetric
analyzer (TGA) was used to determine thermal properties.

3. RESULTS AND DISCUSSION

The powder diffraction patterns of amorphous CrPO4
(P1), FePO. (P2), CoPO4 (P3), NiPO4 (P4), CuPOs (P5),
and MnVO, (P6) are shown in Fig. 1, without washing
(Fig. 1 a) and after washing (Fig.1b). The by-product
NaCl (ICSD =98-005-3815) is marked with asterisks in
Fig. 1a. The formation of by-product NaCl with high
lattice energy drives the reaction to forward direction.
Therefore, previously described metathetic pathway was
achieved successfully to complete progress of the reactions
[37-39]. Therefore, transition metal monophosphates,
TMPO, (M = Cr, Fe, Co, Ni, Cu, Mn), are synthesized by
driving force of NaCl. According to example given in
“synthesis procedure” section, the reaction equation of
CrPO4 formation is indicated as follows:

CrCls + NasPO4 — CrPO4 + 3NaCl 1)

The reaction equations for the other compounds can be
adapted by considering of the above equation. Therefore,
targets compounds are obtained by microwave metathesis
synthesis (MMS) reaction. The removal processes of the
by-product is started with washing hot distilled water three
times and continue with drying at 80 °C to remove the
water. All the amorphous products are subjected to heat
treatment at 800 °C to get best crystallization. The powder
X-ray diffraction data of the recrystallized compounds are
displayed in Table 1. The unit cell parameters of the
recrystallized compounds are calculated with Rietveld
refinement method by using powder diffraction data
(Table 2).
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Fig. 1. Powder X-ray diffraction patterns of the samples: a—without washing; b —after washing
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Table 1. Powder X-ray diffraction data of the recrystallized compounds

CrPO4 MnPO4 FePO4 CoPO4 NiPO4 CuPO4
dobs., A dcalc., A dobs., A dcalc., A dobs., A dcalc., A dobs., A dcaIcA, A dobsA, A dcalc., A dobs., A dcalc., A
3.9848 3.9117 4.3251 4.3794 2.3231 2.4091 2.7843 2.6537 3.1733 3.3980 4.8752 4.4035
3.8651 3.6794 3.7384 3.6841 2.1230 2.1878 2.6214 2.6166 2.6825 2.6869 3.8479 3.9195
2.7043 2.6823 3.0635 2.0962 2.0421 2.0301 2.3428 2.3164 2.5958 2.5697 3.3799 3.3760
2.6861 2.6428 2.6320 2.6892 1.9263 1.9572 2.0602 2.0734 2.1887 2.1943 2.7146 2.6806
2.4348 2.3392 2.5259 2.5791 1.8213 1.8461 2.0263 2.0027 2.1357 2.0882 2.5697 2.5592
2.0418 2.0852 2.5039 2.3426 1.7815 1.7556 1.7075 1.7181 2.0315 2.0134 1.9460 1.9533
2.0250 2.0100 2.1552 2.1915 1.6453 1.6420 1.6561 1.6665 1.9328 1.9310 1.8677 1.8839
1.6604 1.6665 2.0270 2.0166 1.5024 1.5175 1.6368 1.6252 1.7034 1.7001 1.8145 1.8462
1.6286 1.6263 1.8790 1.8838 14321 1.4330 1.4879 1.4890 1.6887 1.6687 1.7554 1.6966
1.5889 1.5823 1.8601 1.8433 1.4142 1.4195 1.3165 1.3054 1.6139 1.6300 1.5504 1.5518
1.5698 1.5568 1.7161 1.7196 1.4109 1.3999 1.2127 1.2143 — — 1.4827 1.4796
1.3314 1.3415 1.6732 1.6674 1.3790 1.3723 - - — - 1.3437 1.3480
1.3101 1.3045 1.5467 1.5343 1.3685 1.3618 — — — — 1.2730 1.2781
1.2567 1.2522 1.4722 1.4684 1.3101 1.3125 — — — — 1.2433 1.2407

Table 2. Crystal system and unit cell parameters of TMPO4 (TM=Cr, Fe, Co, Ni, Cu, Mn) calculated by Rietveld refinement method

using X-ray powder diffraction data

Unit cell parameters

Reactants Product Crystal system a R b, A o R
CrCls NasPOs CrPOs orthorhombic 4.8671 7.4341 5.8300
MnCl; NazPO4 MnPO4 orthorhombic 5.1085 7.4184 6.2125
FeCls NazPO4 FePO4 orthorhombic 5.3593 7.3558 5.8566
CoCl> NasPOs CoPOs orthorhombic 5.3710 8.0487 5.8238
NiCl> NasPO4 NiPOa4 orthorhombic 5.1799 7.7399 6.1157
CuCl, NazPO4 CuPQq4 orthorhombic 5.6153 7.3667 5.7212

In Fig.2 the FTIR spectrum of the samples are
exhibited. The vibrations of v1(POa) [40, 41] and vas(POP)
[42] groups which are an evidence of formation of
phosphate groups are listed in Table 3.

Table 3. Crystal ~ frequency data of sub-vibrations
monophosphate group at FTIR spectrum

of

Assignment Frequency, cm™*
v1(POg) [43, 44] 989948
Us(POP) [45] 1026916

In Fig. 3 and Fig. 4, scanning electron microscopy and
energy dispersive X-ray graphics of the compounds are
given which determine surface morphology and crystal
composition of the samples, respectively. The SEM
photographs of the samples show the homogeneity of
distorted circular particles which is composed of large
numbers of small grains with 1 -5 pum size, except NiPO4
and CuPO4 with 15—20 um size. The weight percentages
(Table 4) of the compounds in a good accordance with
chemical composition determined by powder X-ray
diffraction pattern via Rietveld refinement method.
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Fig. 2. The FTIR spectra of CrPO4, FePO4, CoPO4, NiPO4, CuPO4, and MnPO4
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Fig. 3. Scanning electron micrographs of CrPO4, FePO4, CoPO4, NiPOs, CuPO4, and MnPO4

Table 4. Weight percentages of the compounds resulting by EDS

Compound Composition Percentages, %
CrPO4 Cr-P-0 25-22-53
FePO, Fe-P-O 29-21-50
CoPO4 Co-P-O 28-20-52
NiPO, Ni-P-O 27-21-52
CuPO, Cu-P-O 24-23-53
MnPO4 Mn-P-O 26-22-52
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Thermal analysis results of CrPO., FePOs, CoOPOs,
NiPO4, CuPO.; and MnPOs is displayed Fig. 5.
Thermograms were measured in the range of 30—1200 °C.
When we compared the mass losses of all compounds,
quite similarities were appearing that describe very low
mass decrease. In this case, the stabilities of CrPO4, FePOs,,
CoPOQg, NiPO4, CuPO4, and MnPO,4 compounds to thermal
treatment were higher than the other members of the metal
phosphate group [5].
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Fig. 5. TGA measurements of CrPQa, FePO4, CoPOa, NiPO4, CuPO4, and MnPQa.

4. CONCLUSIONS

The transition metal monophosphates,
TMPO4 (M =Cr, Fe, Co, Ni, Cu, Mn) are synthesized by
microwave metathesis synthesis for the first time owing to
driving force of by-product NaCl with high lattice energy.
The synthesis process is achieved at 850 W powers for
10 minutes in a domestic oven with starting materials
sodium monophosphate and transition metal chloride.
Microwaves in synthesis methods decrease processing time
and provide material with improved properties because the
volumetric heating ability which allows for more rapid and
uniform heating. The unit cell parameters are calculated by
Rietveld Refinement Method using powder XRD data. The
invention of vibrations of P-O bonds in FTIR spectrum,
homogeny morphology and thermal stability of the

10

samples are also support the formation of these transition
metal monophosphates.

Acknowledgments

This work has been financially supported by Balikesir
University Research Project Foundation and Scientific and
Technological Research Council of Turkey. We want to
thank to Dr. Sevim Senol for scientific support.

REFERENCES

1. Averbuch, M.T., Durif, AP. Topics in Phosphate
Chemistry, World Scientific Publication, London, 1996.
https://doi.org/10.1142/3076

Hong, H.Y.P. Crystal Structures and Crystal Chemistry in

the System Nai+x Zr2SixP3—xO12  Material Research Bulletin
11 1976: pp. 173—-182.

in

9



10.

11.

12.

13.

14.

https://doi.org/10.1016/0025-5408(76)90073-8

Moffat, J.B. Phosphates as Catalysts Catalysis Reviews:
Science and Engineering 18 1978: pp. 199 -258.
http://dx.doi.org/10.1080/03602457808081868

Garga, A.B., Errandonea, D., Rodriguez-Hernandez, P.,
Mufioz, A. ScVO4 Under Non-Hydrostatic Compression: A
New Metastable Polymorph Journal of Physics: Condensed
Matter 29 2017: pp. 055401.
https://doi.org/10.1088/1361-648X/29/5/055401

Gomis, O., Lavina, B., Rodriguez-Hernandez, P.,
Munfoz, A., Errandonea, R., Errandonea, D.,
Bettinelli, M.  High-pressure  Structural, Elastic, and

Thermodynamic Properties of Zircon-Type HoPOs4 and
TmPOs  Journal of Physics: Condensed Matter 29
2017: pp. 095401.
https://doi.org/10.1088/1361-648X/aa516a

Cheng, X., Ren, Y., Shang,J., Song, Y. Contrasting
Structural ~ Stabilities and  New  Pressure-Induced
Polymorphic Transitions of Scheelite- and Zircon-Type
ZrGeOs  The Journal of Physical Chemistry C 121
2017: pp. 723 -730.

Shwetha, G., Kanchana, V., Vaitheeswaran, G. Optical
Properties of Orthovanadates, and Periodates Studied from
first Principles Theory — Materials Chemistry and Physics
163 2015: pp. 376 —386.
https://doi.org/10.1016/j.matchemphys.2015.07.053

Garga, A.B., Errandonea, D. High-Pressure Powder X-Ray
Diffraction Study of EuVOs4 Journal of Solid State
Chemistry 226 2015: pp. 147 -153.
https://doi.org/10.1016/j.jssc.2015.02.003

Long, Y.W,, Yang,L.X, Yu Y. LiFY, YuR.C,
Liu, Y.L., Jin, C.O. High-Pressure Raman Scattering Study
on Zircon- to Scheelite-Type Structural Phase Transitions of

RCrO4 Journal of Applied Physics 103
2008: pp. 093542.

https://doi.org/10.1063/1.2909202

Grzechnik, A.,, Syassen, K., Loa,l., Hanfland, M,

Gesland, J.Y. Scheelite to Fergusonite Phase Transition

in YLiF4 at High Pressures  Physics Reviews B 65 (10)
2002: pp. 104102.
https://doi.org/10.1103/PhysRevB.65.104102

Errandonea, D., Pellicer-Porres, J., Manjon, F.J.,
Segura, A, Ch. Ferrer-Roca, R., Kumar, S.,
Tschauner, O., Rodriguez-Hernandez, P., Lopez-
Solano, J., Radescu, S., Mujica, A., Munoz, A.,

Aquilanti, G. Determination of the High-Pressure Crystal
Structure of BawOs and PbWO4  Physics Reviews B 72
2005: pp. 174106.
https://doi.org/10.1103/PhysRevB.72.174106

Errandonea, D., Pelliser-Porres, J., Manjon, F.J.,
Segura, A, Ferrer-Roca, Ch., Kumar, R.S,,
Tschauner, O., Lopez-Solano, J.P., Rodriguez-
Hernandez Radescu, S., Mujica, A, Munoz, A.,

Aquilanti, G. Effects of High Pressure on the Optical
Absorption Spectrum of Scintillating PbWO4 crystals
Physics Reviews B 73 2006: pp. 224103.
https://doi.org/10.1103/PhysRevB.73.224103

Christofilos, D., Arvanitidis, A., Kampasakali, E.,
Papagelis, K., Ves, S., Kourouklis, G.A. High Pressure

Raman Study of BaMoOs Physica Status Solidi B 241
2004: pp. 3155—3160.
https://doi.org/10.1002/pssb.200405234

Sivakumar, T., Gopalasrishnan, J. Reaction of

La2CuO4 with Binary Metal Oxides in the Solid State:

110

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Metathesis, Addition, and Redox Metathesis Pathways
Chemistry of Materials 14 2002: pp. 3984 —3989.
https://doi.org/10.1021/cm020601k

Biryulina, V.N., Kasimova, L.V., Kryukova, R.N.,
Serebrennikov, V.V. The Study of Rare-Earth Styryl-
Phosphonates Zhurnal Obshchei  Khimii 51
1981: pp. 976 -979.

Lavat, A.E., Mercader, R.C., Baran, E.J. Crystallographic
and Spectroscopic Characterization of LnFeTeOs (Ln = La,
Pr, Nd, Sm) materials Journal of Alloys and Compounds
508 2010: pp. 24-27.
https://doi.org/10.1016/j.jallcom.2010.08.054

Filho, P.C.S., Gacoin, T., Boilot, J.P., Walton, R.1.,
Serra, O.A. Synthesis and Luminescent Properties of
REVOs—REPOs (RE =Y, Eu, Gd, Er, Tm, or Yb)
Heteronanostructures: A Promising Class of Phosphors for
Excitation from NIR to VUV  The Journal of Physical
Chemistry C 119 2015: pp. 24062 —24074.
https://doi.org/10.1021/acs.jpcc.5b08249

Fan, W., Song, X., Sun,S., Zhao, X. Microemulsion-
Mediated Hydrothermal Synthesis and Characterization of
Zircon-type LaVOas Nanowires Journal of Solid State
Chemistry 180 2007: pp. 284 —290.
https://doi.org/10.1016/j.jssc.2006.10.019

Tojo, T., Zhang, Q., Saito, F. Mechanochemical Synthesis
of Rare Earth Orthovanadates from R203 (R = Rare Earth
Elements) and V20s Powders  Journal of Alloys and
Compounds 427 2007: pp. 219-222.
https://doi.org/10.1016/j.jallcom.2006.02.052

Parhi, P., Manivannan, V. Novel Microwave Initiated
Solid-State Metathesis Synthesis and Characterization
of Lanthanide Phosphates and Vanadates, LMO4 (L = Y, La
and M =V, P) Solid State Sciences 10
2008: pp. 1012-1019.
https://doi.org/10.1016/j.solidstatesciences.2007.11.038

Sun, L.D., Zhang, Y.X., Zhang, J., Yan, C.H., Liao, C.S.,
Lu, Y.Q. Fabrication of Size Controllable
YVO4 Nanoparticles via Microemulsion-Mediated
Synthetic Process Solid State Communication 124
2002: pp. 35-38.
https://doi.org/10.1016/S0038-1098(02)00449-0

Coleman, N., Perera, S., Gillan, E.G. Rapid Solid-State
Metathesis Route to Transition-Metal Doped Titanias
Journal of Solid State Chemistry 232 2015: pp. 242 —248.
https://doi.org/10.1016/j.jssc.2015.09.028

Parhi, P., Ramanan, A., Ray, A.R. A Convenient Route for
the Synthesis of Hydroxyapatite Through a Novel
Microwave-Mediated Metathesis Reaction Materials
Letters 58 2004: pp. 3610—-3612.
https://doi.org/10.1016/j.matlet.2004.06.056

Rao, L., Gillan, E.G., Kaner, R.B. Rapid Synthesis of
Transition Metal Borides by Solid-State Metathesis Journal
of Materials Research 10 1995: pp. 353-361.
https://doi.org/10.1557/JMR.1995.0353

Mandal, T.K., Gopalakrishnan, J. New Route to Ordered
Double Perovskites: Synthesis of Rock Salt Oxides,
LisMWOs, and Their Transformation to Sro.MWOs (M =
Mg, Mn, Fe, Ni) Via Metathesis Chemistry of Materials 17
2005: pp. 2310-2316.

https://doi.org/10.1021/cm050064e

Parhy, P.,, Manivannan, V., Kohli, S., Patrick, M.,
Synthesis and Characterization of M3V20s (M = Ca, Sr And
Ba) by Solid-State Metathesis Approach Bulletin of
Materials Science 31 2008: pp. 885-890.
https://doi.org/10.1007/s12034-008-0141-y


http://iopscience.iop.org/journal/0953-8984
http://iopscience.iop.org/journal/0953-8984
http://iopscience.iop.org/journal/0953-8984
http://www.minsocam.org/msa/ammin/ammineral.html
https://www.researchgate.net/publication/230518078_High_pressure_Raman_study_of_BaMoO4?ev=pub_cit_inc&_iepl%5BviewId%5D=YDW0ceh0OJ23eWt0ijKBLTJBa0kpu1DzT217&_iepl%5Bcontexts%5D%5B0%5D=pdppi&_iepl%5Bdata%5D%5Bmilestone%5D=experimentMilestoneClickedToPublicationFromCitationWithNoFulltext&_iepl%5BinteractionType%5D=publicationView
https://www.researchgate.net/publication/230518078_High_pressure_Raman_study_of_BaMoO4?ev=pub_cit_inc&_iepl%5BviewId%5D=YDW0ceh0OJ23eWt0ijKBLTJBa0kpu1DzT217&_iepl%5Bcontexts%5D%5B0%5D=pdppi&_iepl%5Bdata%5D%5Bmilestone%5D=experimentMilestoneClickedToPublicationFromCitationWithNoFulltext&_iepl%5BinteractionType%5D=publicationView
http://pubs.acs.org/doi/abs/10.1021/cm020601k
http://pubs.acs.org/doi/abs/10.1021/cm020601k
http://pubs.acs.org/doi/abs/10.1021/cm020601k
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=V1x16U4qPh9oCzKnk11&author_name=BIRYULINA,%20VN&dais_id=8488190&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=V1x16U4qPh9oCzKnk11&author_name=KASIMOVA,%20LV&dais_id=39236225&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=V1x16U4qPh9oCzKnk11&author_name=KRYUKOVA,%20RN&dais_id=43179595&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=V1x16U4qPh9oCzKnk11&author_name=KRYUKOVA,%20RN&dais_id=43179595&excludeEventConfig=ExcludeIfFromFullRecPage
http://pubs.acs.org/journal/jpcbfk
http://pubs.acs.org/journal/jpcbfk
http://www.sciencedirect.com/science/article/pii/S0022459606005494
http://www.sciencedirect.com/science/article/pii/S0022459606005494
http://www.sciencedirect.com/science/article/pii/S0022459606005494
http://www.sciencedirect.com/science/article/pii/S0925838806002635
http://www.sciencedirect.com/science/article/pii/S0925838806002635
http://www.sciencedirect.com/science/article/pii/S0925838806002635
http://www.sciencedirect.com/science/article/pii/S0038109802004490
http://www.sciencedirect.com/science/article/pii/S0038109802004490
http://www.sciencedirect.com/science/article/pii/S0038109802004490

27.

28.

29.

30.

31.

32.

33.

34.

Park, W.J., Jung, M.K., Masaki, T., Im, S.J., Yoon, D.H.
Characterization of YVO4Eu®*, Sm* Red Phosphor Quick
Synthesized by Microwave Rapid Heating
Method Materials Science and Engineering B 146
2008: pp. 95-98.
https://doi.org/10.1016/j.mseb.2007.07.090

Joung, M.R., Kim, J.S., Song, M.E., Nahm, S., Paik, J.H.
Microstructure and Microwave Dielectric Properties of the
Li2CO3-Added Sr2V207 Ceramics  Journal of American
Ceramic Society 93 2010: pp. 2132 -2135.
https://doi.org/10.1111/j.1551-2916.2010.03676.x

Mani, R., Bhuvanesh, N.S.P., Ramanujachary, K.V,
Green, W., Lofland, S.E., Gopalakrishnan, J. A Novel
One-Pot Metathesis Route for the Synthesis of Double
Perovskites, BasMM’209 (M = Mg, Ni, Zn; M’ = Nb, Ta)
with 1:2 Ordering of M and M’ Atoms Journal of
Materials Chemistry 17 2007: pp. 1589 —1592.
https://doi.org/10.1039/B616238J

Parhi, P., Manivannan, V. Synthesis and Characterization
of MsV20s(M = Ca, Sr and Ba) by a Solid-State

Metathesis Approach  Bulletin of Materials Science 31
2008: pp. 885—890.
https://doi.org/10.1007/s12034-008-0141-y
Arreguin-Zavala, J., Turenne, S., Martel, A.,

Benaissa, A. Microwave Sintering of MoSi>—Mo5Sis to
Promote a Final Nanometer-Scale Microstructure and

Suppressing of Pesting Phenomenon Materials
Characterization 68 2012: pp. 117-122.
https://doi.org/10.1016/j.matchar.2012.03.014

Espinal, L., Malinger, KA., Espinal, A.E.,

Gaffney, A.M., Suib, S.L. Preparation of Multicomponent
Metal Oxides Using Nozzle Spray and Microwaves
Advanced Functional Materials 17 2007: pp. 2572 —-2579.
https://doi.org/10.1002/adfm.200600744

Guler,H., Kurtulus,F. A Rapid Synthesis of
Sodium Titanium Phosphate, NaTi2(PO4)s by Using
Microwave Energy Materials Chemistry and Physics 99

2006: pp. 394 —397.
https://doi.org/10.1016/j.matchemphys.2005.11.011

Parhi, P., Ramanan, A., Ray, A.R. Metathetic Reaction in
Reverse Micelles: Synthesis of Nanostructured Alkaline-
earth Metal Phosphates  Journal of American Ceramics
Society 90 2007: pp. 1237-1242.
https://doi.org/10.1111/j.1551-2916.2007.01508.x

111

36.

37.

38.

39.

40.

41.

42.

. Thangadurai, V.,

Knittimayer, C., Weppner, W.
Metathetic  Room  Temperature  Preparation  and
Characterization of Scheelite-Type ABO4 (A = Ca, Sr, Ba,
Pb, B = Mo, W) powders Materials Science and
Engineering B 106 2004: pp. 228 —233.
https://doi.org/10.1016/j.mseb.2003.09.025

Montemayor, S.M., Fuentes, A.F. Electrochemical
Characteristics of Lithium Insertion in Several 3D Metal
Tungstates (MWOs, M=Mn, Co, Ni and Cu) prepared by
aqueous reactions Ceramics International 30
2004: pp. 393 -400.
https://doi.org/10.1016/S0272-8842(03)00122-6

Guo, J., Dong, C., Yang, L., Fu, G. A Green Route for
Microwave Synthesis of Sodium Tungsten Bronzes Nax\WO3
(0<x<1) Journal of Solid State Chemistry 178
2005: pp. 58— 63.

https://doi.org/10.1016/j.jssc.2004.10.017

Uematsu, K., Toda, K., Sato, M. Preparation of YVOa4:Eu3*
Phosphor Using Microwave Heating Method  Journal of
Alloys Compounds 389 2005: pp. 209 —-214.
https://doi.org/10.1016/j.jallcom.2004.05.083

Xu, H.Y., Wang, H., Meng, Y.Q., Yan, H. Structural
Investigations of GeS>-Ga2Ss—CdS Chalcogenide Glasses
Using Raman Spectroscopy  Solid State Communication
130 2004: pp. 465—468.
https://doi.org/10.1016/j.ssc.2004.02.045

Abudoureheman, M., Han,S., Dong, X., Lei, B.H,
Wang, Y., Yang,Z., Long, X, Pan,S. Syntheses,
Characterization and Theoretical Studies of Three Apatite-
Type Phosphates MPbs(POs)3 (M = K, Rb, Cs) Journal of
Alloys and Compounds 690 2017: pp. 330-336.
https://doi.org/10.1016/j.jallcom.2016.08.115

Shi, Y., Liang, J., Yang, H., Zhuang, J., Rao, W. X-Ray
Powder Diffraction and Vibrational Spectra Studies of Rare
Earth Borophosphates, Ln70e(BO3)(PO4)2 (Ln=La, Nd, Gd,
and Dy) Journal of Solid State Chemistry 129
1997: pp. 45-52.

https://doi.org/10.1006/jssc.1996.7227

Fu, Z., Sheng, T., Wu, Z,, Yu, Y., Cui, T. A Novel and
Tunable Upconversion Luminescent Material GdPOa: Yb®*,
Ln3* (Ln = Er, Tm, Ho) Materials Research Bulletin 56
2014: pp. 138-142.
https://doi.org/10.1016/j.materresbull.2014.04.067


http://www.sciencedirect.com/science/article/pii/S0022459696972278
http://www.sciencedirect.com/science/article/pii/S0022459696972278
http://www.sciencedirect.com/science/article/pii/S0022459696972278
http://www.sciencedirect.com/science/article/pii/S0022459696972278

