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       ABSTRACT

New metal borophosphate compound MoBP3O12, as a potential candidate of 
nonlinear optical material, was obtained by hydrothermal method. The title compound 
was synthesized from the mixture of MoO3, B2O3, and (NH4)2HPO4 with the molar 
ratio 1:0.5:3, by heating at 200 °C for 3 days. The powder X-ray diffraction data was 
indexed in tetragonal system with the refined unit cell parameters, a = b = 5.302 (8), 
c = 21.538 (4) Å and Z = 1. Stoichiometric chemical analysis of molybdenum was 
done by inductively coupled plasma atomic emission spectroscopy (ICP-AES) and 
boron content was analysed by spectrophotometric azomethine H method.  The 
indexed powder X-ray diffraction (XRD) data with POWD program, fourier transform 
infrared spectroscopy (FTIR) spectrum and thermal analysis of MoBP3O12 are also 
given in the paper.
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1. Introduction

In the last decades, metal borates have drawn world 
attention because of their excellent physical and 
unique optical nature [1-3]. On the other hand, phos-
phate compounds have been taken an interest due to 
their magnetic, optic and electro-optic properties [4-6]. 
In the borate structure, boron atoms can connect with 
oxygen atoms in two different ways; trigonal sp2 bonds 
or tetrahedral sp3 bonds to form BO3 and BO4, respec-
tively [7]. In addition to these two simple groups, bo-
rates contain complex groups, such as symmetrical 
B3O6 boroxol ring, unsymmetrical B3O7 ring and infinite 
chain (BO2)n [8, 9]. In the phosphate structure, rela-
tively simple tetrahedral PO4 and complex P2O7 are 
mainly available [9]. The diversity of linkage of boron 
and phosphorus atoms with oxygen atoms lead to the 
formation of new compounds called ‘borophosphates’ 
with different partial anionic structures [10]. Borophos-
phates are described by the existence of “BPO7 group” 
including four-fold coordinated B and P, and bridging 
oxygens occurring silica-like network [11]. Borophos-
phate compounds are promising new class of func-
tional materials, particularly nonlinear optics, because 
of having a huge structural diversity [12].    

There is much information for the industrial applica-
tions of metal borophosphate compounds. For exam-
ple; alkaline earth metal borophosphates, especially 
CaBPO5, are used for corrosion protection of metal 

surfaces. Moreover, different types of metal borophos-
phates are being used as antioxidant, fire proofing 
agent (sodium, potassium borophosphate) and also 
as a binder (aluminium borophosphate as binder for 
clays and phosphates) [13]. Strontium borophosphate 
is reported as light sensitive material and can be used 
in solar energy research [14]. As the other group, rare 
earth borophosphate compounds have found wide ap-
plication area for laser and luminescence materials 
and can be called “self-active lasers”. Borophosphate 
glass ceramic compositions are being used for seal-
ing cathode ray tubes, plasma display panels and fluo-
rescent character display tubes [15]. Alkaline, alkaline 
earth and rare earth metal borophosphate compounds 
have been studied and investigated in detail in recent 
years. But, to our knowledge, there is few reports deal 
with transition metal borophosphates.  

Generally, conventional solid state synthesis is used 
to obtain metal borophosphates. Anhydrous borophos-
phates as M[BPO5] (M=Ca, Sr), M3[BP3O12] (M=Ba, Pb) 
and Na5[B2P3O13] are the basic borophosphates syn-
thesized by high temperature furnaces at about 1100-
1400 °C [16-19]. However, such high temperature 
can lead to glassy product not possible to get optical 
quality crystals [20]. Therefore, more mild applications 
like hydrothermal method must be explored. To syn-
thesize single crystal and polycrystalline compounds, 
hydrothermal synthesis is an excellent method. Lots 
of chromate, phosphate, borate, and borophosphate 
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compounds are produced with hydrothermal synthe-
sis [21]. The most common arrangement required for 
such crystallization is the temperature gradient that 
helps to transport the material from the zone of high 
solubility. This method has some significant advan-
tages over other chemical techniques. Many materi-
als can be produced directly in the desired crystalline 
phase at relatively low temperatures (under 350 °C) 
with eliminating any need for the calcination treatment 
prior to sintering. 

Herein, the hydrothermal synthesis and structural 
analysis of molybdenum borophosphate, MoBP3O12 
is reported. This compound is characterized by pow-
der X-ray diffraction (XRD), fourier transform infra-
red spectrophotometry (FTIR), inductively coupled 
plasma/optical emission spectroscopy (ICP/OES) and 
azomethine H spectrophotometric method.  

2. Materials and methods

2.1 Synthesis of MoBP3O12 

The chemical reagents, MoO3, B2O3, (NH4)2HPO4 and 
H3PO4 were analytical grade by Merck and Riedel. 
MoO3, B2O3 and (NH4)2HPO4 were mixed in 1:0.5:3 
molar ratio and 6 mL H3PO4 (85 %) and 20 mL distilled 
water added to dissolve them (pH<2). The clear solu-
tion was transferred into stainless steel Teflon auto-
clave and heated at 200 °C for 3 days. The products 
were filtered off, washed with distilled water and dried 
at 60 °C. Experiment was repeated three times for re-
producibility. 

2.2 Characterization 

The XRD data were collected by using Brucker Axs-
Advanced-Dx type of diffractometer with Cu-Ka radia-
tion (40 kV, 20 mA, l=1.54056 Å). Infrared spectrum 
was obtained using Perkin Elmer BX-2 FTIR spectro-
photometer in the 4000-400 cm-1 range. The thermal 
property was defined by Perkin Elmer Diamond ther-
mogravimetric analysis (TGA). 

2.3 Chemical analysis

The elemental boron analysis was determined by us-
ing the azomethine H spectrophotometric method with 
high and good sensitivity. Elemental boron analysis 
was performed using the azomethine-H spectrochemi-
cal method with high detection power [22,23], Lange 
Cadas 2800 spectrophotometer. In this method borate 
anions form a yellow complex which is photometrically 
perceptible with azomethine-H. A standard kit (LCK 
307 Bor, 0.05-2.5 mg/L, supplied by Hach Lange, 
GmbH Willstätterstr, 11, 40549 Düsseldorf, Germany) 
was used for this procedure. The sample to be as-
sayed was weighed in appropriate quantities and the 
appropriate dilution was carried out in the presence 
of a small amount (2-3 mL) of nitric acid, dissolved in 
water, with a boron concentration of 0.05-2.5 mg/L in 

the sample. Using standard kits, the boron concentra-
tion in the sample to be assayed was measured in a 
spectrophotometer against the previously prepared 
peptide. Using mathematical transformations, it is de-
termined how many moles of boron are present in one 
molar product Mo content was also determined with 
several necessary dilutions by using a PerkinElmer 
Optima 3100-XL-ICP-OES by using molybdenum 
standard.   

2.4 Indexing of the XRD pattern

The refinement of the unit cell parameters were real-
ized by the POWD program (an interactive Powder 
Diffraction Data Interpretation and Indexing Program 
Ver. 2.2.) [24].

3. Results and discussion

3.1 Powder X-ray diffraction results of MoBP3O12 

The synthesized product was obtained as a white pow-
der and stable at room temperature. Figure 1 shows 
the powder X-ray diffraction pattern of the product. 
When we compared the “d” values with ICDD (Inter-
national Centre for Diffraction Data) crystal structure 
database and literature, there was no coupling. There-
fore, we indexed the pattern via POWD program and 
decided that an original new XRD patterns were ob-
tained with the product. In the indexing process, none 
impurity was detected. So, all reflections are indexed 
in the tetragonal system. After refinements, the lat-
tice constants were calculated as a= b= 5.302(8) and 
c=21.538(4) Å. The experimental density of the prod-
uct was obtained 1.124 g/cm3 and Z value was calcu-
lated as 1. The observed and calculated powder XRD 
data of the product are listed in Table 1. So we could 
say high purity of this compound was obtained by hy-
drothermal method. The basic chemical reaction of 
synthesis of MoBP3O12 can be suggested as follows:

MoO3 + 1/2B2O3 + 3(NH4)2HPO4   MoBP3O12 + 6NH3 + 9/2H2O     (1) 
 

3.2 The results of chemical analysis

The mole ratio of boron was calculated 1.13 by azo-
methine H method. The value was very close to the 
theoretical stoichiometric value, resulting with a for-
mula MoBP3O12. The target compound was dissolved 
in warm nitric acid/water solution (1:1) to obtain 1 M 
solution of the compound to obtain stock solution. The 
solution was analysed with several necessary dilu-
tions on PerkinElmer Optima 3100 XL ICP-OES with 
software Winlab 32 and connected AS-90-TrayB auto 
sampler. The  instrumentation  was  equipped  with  
an  echelle-based  polychromator,  a  standard  axi-
ally  viewed  glass  torch  and  a  cross  flow  nebulizer  
coupled  to  glass  cyclonic  spray  chamber.  Transport  
of  the  solutions  to  the  nebulizer  was  achieved  us-
ing  a  peristaltic  pump  at  1.5  mL  min-1.  Plasma,  
auxiliary  and  nebulization  gas  flows  were  15.0,  
0.5  and  0.5  L.min-1,  respectively.  The wavelength 
has been used for the Mo element was at 202.031 nm. 
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I/I0 dobs dcalc hkl 
100 5.27 5.30 100 
86 3.725 3.750 110 
95 3.061 3.077 007 (114) 
26 2.650 2.651 200 
21 2.366 2.372 210 
42 2.004 2.009 207 
16 1.7687 1.7676 300 (224) 
16 1.6836 1.6845 219 
20 1.6002 1.6011 227 (314) 
18 1.5365 1.5385 228 
18 1.4697 1.4707 320 
18 1.3722 1.3723 319 
15 1.3281 1.3269 327 
16 1.2526 1.2530 329 
15 1.2166 1.2175 407 (334) 
13 1.1842 1.1840 421 
14 1.1610 1.1605 418 

 

Table 1. List of diffraction intensities, d-values and the indexing re-
sults of MoBP3O12.

Figure 1. Powder X-ray diffraction pattern of MoBP3O12.

Assignments Experimental 
 Wavenumbers (cm-1) 

Band Locations 
 (cm-1) 

(P=O) 
 

1241 
 1370 (Broad) 

1216   
1377   

3 (BO3) 1241(Broad) 1200-1245  
3 (BPO7) 1079 1079   
3 (BO4) 1020 (Broad) 1051  
s (BOP) 718 749   
4 (PO4) 467 467    
1 (BO4) 897 882   
 (BOP) 668 655   
 (OPO) 548 561   

 

The obtained Mo and B concentrations in mg/L were 
converted to mol/L and the mole ratio of Mo/B was cal-
culated as 1:1 molar ratio.     

3.3 FTIR and thermal studies

The FTIR spectrum of MoBP3O12 is illustrated in Fig-
ure 2. The absorption bands around 3615, 3450 and 
1670 cm-1 are due to the absorption of water from the 
air. Absorption bands at 1241 and 1377 cm-1 may be 
assigned to non-bridging P=O vibrations. Experimen-
tal and referred stretching vibrations of BO4, BO3, PO4 
and other functional groups have been given in Table 
2 [25-27]. Since the borophosphates are consisting of 
simple or complex anionic structures like BO3, BO4, 
PO4 and BOP, the IR bands support the presence of 
this coordination in the synthesized crystal structure.

The result of thermal analysis is displayed in Figure 
3. The mass loss at about 200 °C is related to the hu-
midity. Thermal changes at 708 and 990 °C represent 
phase transformations in crystal structure.   

Table 2. The FTIR wavenumbers of MoBP3O12.

Figure 2. FTIR spectrum of MoBP3O12.

Figure 3. The DTA curves of MoBP3O12.



74

Çelik Gül G. et al. / BORON 2 (2), 71 - 74, 2017

4. Conclusions

In this work, the synthesis of molybdenum borophos-
phate has been achieved by hydrothermal method for 
the first time. The crystal structure and unit cell pa-
rameters of MoBP3O12 were obtained by POWD index-
ing program as tetragonal system and a=b=5.302(8) 
and c=21.538(4) Å, respectively. While indexing pro-
cess, we used powder X-ray diffraction pattern. Also, 
we benefit from FTIR spectrum, ICP-OES analyse re-
sults, spectrophotometric method results, and thermal 
analysis for supporting presence of borophosphate in 
the crystal structure and mole ratio of the basic atoms. 
Also, crystal system, unit cell parameters and chemi-
cal formula of molybdenum borophosphate were de-
scribed for the first time with this paper. 

Acknowledgment 

Authors would like to thank to Turkey Prime Ministry 
State Planning Organization (DPT-2003-K-120-230), 
Balıkesir University with research project foundation 
and Scientific and Technological Research Council of 
Turkey for financial support.

References
[1] Becker P., Borate materials in nonlinear optics, Adv. 

Mater., 10, 979‒992, 1998.

[2] Chen C., Lin Z., Wang Z., The development of new bo-
rate-based UV nonlinear optical crystals, Appl. Phys. 
B, 80, 1‒25, 2005. 

[3] Aka G., Brenier A., Self-frequency conversion in non-
linear laser crystals, Optic Mater., 22, 89‒94, 2003. 

[4] Chen C., Wu Y., Li R., Growth of large Mo18O52 single 
crystals by a vapor phase method, J. Crys. Growth, 99, 
708‒715, 1990. 

[5] Fan T. Y., Huang C. E., Hu B. Q., Eckhardt R. C., Fan 
Y. X., Bayer R. L., Feigelson R. S., Second harmonic 
generation and accurate index of refraction meas-
urements in flux-grown KTiOPO4, Appl. Optics, 26, 
2391‒2394, 1987.

[6] Harrison W. T. A., Gier T. E., Stucky G. D., The synthe-
sis and Ab initio structure determination of Zn4O(BO3)2, 
a microporous, zinc borate constructed of “sused” sub-
units, of three- and five-membered rings, Ange. Chem. 
Inter. Ed., 32, 724‒761, 1993.

[7] Wells A. F., Structural Inorganic Chemistry, 4th ed. Ox-
ford University Press, Oxford, 1975.

[8] Bell R. J., Carnevale A., A structural model for B2O3 
glass, Philos. Mag. B, 43, 389‒413, 1981.

[9] Rulmont A., Almou M., Vibrational spectra of metabo-
rates with infinite chain structure: LiBO2, CaB2O4, Sr-
B2O4, Spectrochim. Acta Part A, 45, 603‒610, 1989.

[10]  Kniep R., Engelhardt H., Hauf C., A first approach to 
borophosphate structural chemistry, Chem. Mater., 10, 
2930‒2934, 1998.

[11] Levesseur A., Olazcuaga R., Kbala M., Zahir M., 
Hagenmuller P., Couzi M., Etudes electrique et Raman 
des verres des systemes B2O3·M2O·M3PO4 (M=Li, Na), 
Solid State Ion., 2, 205‒213, 1981.

[12] Shi Y., Liang J. K., Zhang H., Liu Q. L., Chen X. L., 
Yang J. L., Zhuang W. D. et al., Crystal structure and 
thermal decomposition studies of barium borophos-
phate, BaBPO5, J. Solid State Chem., 135, 43‒51, 
1998. 

[13] Goetzman K., Karlheinz D., Dieter H. N., Ralfh G., Pat-
ent CA C09K015, 1996.

[14] Bulur E., Goeksu H. Y., Wieser A., Figel M., Oezer A. 
M., Thermoluminescent properties of fluorescent ma-
terials used in commercial lamps, Rad. Pro. Dosi., 65, 
373‒379, 1996.

[15] Tanabe R., Sugimato N., Ho S., Manabe T., Patent 
CA Section 57 (Ceramics) CODEN: JKXXXAF, ICS: 
C03C008-08; C03C008-14, 95-274456, 23 Oct., 1995.  

[16] Kniep R., Gozel G., Eisenmann B., Rohr C., Asbrand 
M., Kızılyallı M., Borophosphate - Eine stiefmütterlich 
behandelte verbindungsklasse: Die kristallstrukturen 
von MII[BPO5] (MII=Ca, Sr) und Ba3[BP3O12], Ange. 
Chem. Inter. Ed., 33, 749‒750, 1994.

[17] Hauf C., Friedrich T., Kniep R., Crystal structure 
of pentasodium catena-(diborato-triphosphate), 
Na5[B2P3O13], Crys. Mater., 210, 446-451, 1995.

[18] Petkova P., Boubaker K., Vasilev P., Mustafa M., Yu-
mak A., Touihri H., Soltani M.T., Infrared Spectros-
copy of Undoped and Cu-doped (80-x)Sb2O3-20Li(2)
O-xMoO(3) Glasses, AIP Conference Proceedings, 
1727, 0217, 2016.

[19] Zhu C., Wang J., Ren X., Zhang Y., Liu S., Shen J., Yue 
Y., Sintering temperature and atmosphere modulated 
evolution of structure and luminescence of 2CaO–
P2O5–B2O3: Eu phosphors, J. Lum., 145, 110–113, 
2014.

[20] Byrappa K., Progress in Crystal Growth and Charac-
terization of Materials, Pergamon Press, Frankfurt, 
1991.

[21] Franson M. A. H., Standard Methods for Examina-
tion of Water and Waste Water. American Publication 
Health Associations, the USA, 1995.

[22] Capelle R., Microdosage colorimétrique du bore en 
milieu aqueux, au moyen de réactifs a groupement 
azol̂que ou imine dérivés des acides h et k, Anal. 
Chim. Acta, 24, 555‒572, 1961.

[23] Zaijun L., Yuling Y., Jiaomai P., Jan T., 1-(2-hydroxy-
3-methoxybenzylideneamino)-8-hydroxynaphthalene-
3,6-disulfonic acid as a reagent for the spectropho-
tometric determination of boron in ceramic materials, 
Analyst, 126, 1160‒1163, 2001.

[24] Wu E., POWD, an interactive program for powder dif-
fraction data interpretation and indexing, J Appl. Crys., 
22, 506‒510, 1989.

[25] Baykal A., Kızılyallı M., X-ray powder diffrac-
tion and IR study of NaMg(H2O)2[BP2O8]·H2O and 
NH4Mg(H2O)2[BP2O8]·H2O, Mater. Sci., 35, 4621‒4626, 
2000.

[26] Gozel G., Kızılyallı M., Kniep R., Characterization of a 
new calcium ultraphosphate, Ca3(P5O14)2, J Solid State 
Chem., 129, 196‒199, 1997.

[27] Gozel G., Baykal A., Kızılyallı M., Kniep R., Solid-state 
synthesis, X-ray powder investigation and IR study of 
α-Mg3[BPO7], J Europ. Ceram. Soc., 18, 2241‒2246, 
1998.


