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As a new precursor to prepare nano molybdenum trioxide, methanol {2-[(2-hydroxy-1,
1-dimethyl-ethylimino)-methyl]phenolato } dioxidomolybdenum(VI) complex (1) with the Schiff
base ligand (H,L) is synthesized by two different methods: solvothermal and sonochemical.
Nanoparticles of 1 are obtained by one-pot solvothermal treatment of methanolic solutions of
the ligand and di-oxomolybdenyl acetylacetonate at 150 °C for 24 h and for improving the
quality of nanostructures by sonochemical method with two types of solvents, different con-
centrations of initial reagents and also different sonication times. The thermal stability of
nanosized compound 1 is studied by thermal gravimetric (TG) analysis and differential scan-
ning calorimetry (DSC). Nanoparticles of orthorhombic a-MoOj; are obtained by calcination of
nanostructures of compound 1 at 700 °C. All compounds and the obtained molybdenum tri-
oxide nanostructures are characterized by elemental analysis, FT-IR, UV-Vis spectroscopy,
X-ray powder diffraction (XRD), and scanning electron microscopy (SEM).

DOI: 10.15372/JSC20160518

Keywords: nanosized MoOs, Mo(VI) tridentate Schiff base complex, solvothermal, sono-
chemical, thermal analysis.

INTRODUCTION

The chemistry of molybdenum has become a prospective area for research. This is due to the mo-
lybdenum ability to form compounds with most inorganic and organic ligands, in addition to bi- and
polynuclear compounds [ I—3 ]. Molybdenum compounds have many and varied potential applica-
tions. An exceptional feature of molybdenum is that it has versatile oxidation states, from -2 to 6, and
coordination numbers ranging from 4 to 8 [ 4 |. Molybdenum Schiff base complexes have continued to
play the role of one of the most important models of molybdoenzymes due to their preparative acces-
sibility [ 5, 6 ]. Schiff bases derived from salicylaldehyde and amino alcohols have been widely used to
prepare dioxo molybdenum complexes containing the MOO%Jr core [ 7, 8 ]. These ligands having both

alcoholic and phenolic hydroxyl groups and also one neutral nitrogen donor (CH=N imino group) can
be used as polidentate ligands in molybdenum chemistry [ 9 ]. High oxidation states of molybdenum
could be dominated by terminally bonded oxo groups of polidentate Schiff base ligands [ 10 ].

The reduction of the size of metal complexes to nano scale has been extremely attractive [ 11,
12 ]. Sonochemistry is one of the research area in which molecules undergo a chemical reaction due to
the application of powerful ultrasound irradiation and many kinds of nanomaterials and nano coordi-
nation compounds have been prepared by this method in recent years [ 13—19 ].
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The investigations on the microstructure of crystalline materials received considerable attention du-
ring the last years in connection with the preparation of nanostructured materials. The microstructure
influences the properties of materials and can be controlled by different synthesis methods. Transition
metal oxides like MoOj; have numerous industrial applications due to their optical, electrical, and thermal
properties [ 20 ]. Molybdenum trioxide is an n-type semiconductor with a large band gap of 3.2 eV
[21]. Generally, molybdenum trioxide is prepared by thermal evaporation [ 22 ], electrode deposition
[ 23 ], flash deposition [ 24 ], the sol-gel method [ 25 ], or the reactive sputtering method [ 26 |.

During these years, almost more efforts have been made in the synthesis of nanoscale particles of
metals. In this work, we have been interested in the synthesis of molybdenum trioxide nanoparticles
through thermal decomposition of the methanol {2-[(2-hydroxy-1, 1-dimethyl-ethylimino)-methyl]|phe-
nolato}dioxidomolybdenum(VI) complex prepared by sonochemical and solvothermal methods.
A major interest at the moment is the use of a new coordination compound for the preparation of metal
oxide nanoparticles to control nanocrystalline size, shape, and distribution. Herein, we reported the
sonochemical and solvothermal methods to produce the Mo(VI) Schiff base complex. The complex
was then used as solid precursors to yield pure-phase MoO; nanoparticles by thermal decomposition at
700 °C for 1 h. The products were characterized by XRD, FT-IR, UV-Vis spectroscopy, "C NMR and
'H NMR, TG/DSC analysis, and elemental analysis.

EXPERIMENTAL

Materials and measurements. All the chemicals and solvents employed for synthesis were of
analytical grade and used as received without further purification. [MoO,(acac),] was prepared accord-
ing to the method reported in the literature [ 27 ].

FT-IR spectra of the ligand and the complexes were recorded in the 4000—400 cm ' wavenumber
range using KBr disks as the standard on a Thermo SCIENTIFIC model NICOLET iS10 spectropho-
tometer to indicate the chemical bonding. The UV-Vis absorption spectra were obtained by a PG in-
struments Ltd, T70/T80 series (UV-Vis) spectrometer in the wavelength range 300—800 nm with
HPLC grade methanol as a solvent. A Brucker Avance DPX 400 MHz instrument was used to record
the NMR spectra with TMS and CDCIl; as the internal standard and the solvent, respectively. The ele-
mental analysis was performed on a LECO, CHNS-932 analyzer. X-ray powder diffraction (XRD)
measurements were performed using a Philips X'pert diffractometer with monochromatic Cuk,, radia-
tion to investigate the crystal structure and phase identification. The simulated XRD powder pattern
based on the single crystal data was obtained using the Mercury software [ 28 ]. The nanocompounds
were characterized by scanning electron microscopy (SEM) (Philips XL 30). The ultrasonic generator
was applied on an ultrasonic bath wiseclean-wvc-A02H (frequency of 50 kHz). Thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC) of the title compound were performed on a
computer-controlled NETZSCH model PC Luxx 409 apparatus. A single-phased powder sample of 1
was loaded into alumina pans and heated with a ramp rate of 10 °/min from room temperature to
800 °C under an argon atmosphere.

Synthesis of the Schiff base ligand [2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-phenol]
(H,L). The Schiff base ligand was prepared by the standard methods. The solution of 2-hydroxy-
benzaldehyde (2 mmol, 0.224 g) was mixed with 2-amino-2-methyl-propan-1-ol (2 mmol, 0.178 g) to
prepare H,L in ethanol (20 ml). The bright yellow solution was stirred and heated to reflux for 1 h.
The desired yellow solution was precipitated by mixing with diethyl ether and then filtered off and
dried in air. H,L: Yield: 84%, m.p. = 63—66 °C, selected FT-IR data, v(cm'): 3371 (O—H), 2964
(C—H), 1601 (C=N), 1550 (C=C). '"H NMR (8): 1.31 (s, 6H, 2(CHj3)), 1.96 (br s, aliphatic OH), 3.59
(2H, CH,), 6.86 (d of tri, ArH, J=7.2 and J= 0.8 Hz), 6.92 (d, ArH, J= 8 Hz), 7.25—7.32 (m, 2H,
ArH), 8.37 (s, 1H, HC=N) and 13.94 (br s, Aromatic OH). "CNMR (3): 23.56 (2CHj;), 60.92
((CH3)2CCHy), 71.14(CHp), 117.34, 118.69, 118.36 131.65, 132.44 and 161.95 (aromatic C),
162.23(HC=N).

Synthesis of methanol {2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]phenolato}dioxide-
molybdenum(VI) complex (1). The molybdenum complex was prepared as follows: the Schiff base
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Table 1
Experimental conditions to prepare [MoO,L(CH;O0H)] by the sonochemical method
Sy | oL [ MoOe | | Somion | Otgtien o i
1 5 5 Methanol/chloform 80 Nanorods (Fig. 5, a) 50—60
2 5 2.5 Methanol/chloform 80 Microstructure contains —
nanorods, nanoplates
and nanoparticles
3 2.5 2.5 Methanol/chloform 80 Nanorods 180—200
2.5 5 Methanol/chloform 80 Nanorods 70—S80
5 2.5 2.5 Methanol 80 Agglomerated nanoparticles | 30—40
(Fig. 5, b)
6 5 5 Methanol 80 More agglomerated 40—50
nanoparticles
7 2.5 5 Methanol 80 More agglomerated 40—50
nanoparticles
8 5 2.5 Methanol 80 More agglomerated 40—50
nanoparticles
9 5 5 Methanol/chloform 40 Semi bulk —
10 2.5 2.5 Methanol 40 Semi bulk —

ligand, H,L (1 mmol, 0.399 g,) was dissolved in 20 ml of methanol. After that a methanolic solution of
dioxo molybdenyl acetylacetonate (1 mmol, 0.326 g) was added to the first solution and then the reac-
tion mixture was refluxed for 1 h. The yellowish solution was concentrated to yield yellow powder.
This powder was washed with warm methanol. [MoO,L(CH;0H)] bulk; Yield: 77 %, m.p.: 296. Ele-
mental analysis: calcd. (%) for C;,H7;NOs Mo: C 41.04, H 4.88, N 3.99; found: C 40.69, H 5.72,
N 3.56. Selected FT-IR data; v (cm '): 3215(0—H), 2975 (C—H), 1632 (C=N), 1558 (C=C), 911 and
830 (Mo—oO).

Preparation of complex (1) by the solvothermal method. Mo(acac), (5 mmol) and the H,L
ligand (5 mmol) were dissolved in 15 ml MeOH. The solution was charged into a Teflon-lined
stainless steel autoclave and then heated at 150 °C for 24 h. The product was filtered, dried, and char-
acterized after the autoclave was cooled immediately to room temperature. m.p: 296 °C. FT-IR (KBr
disc): 3214, 2974, 1629, 1558, 911, 830 cm .

Preparation of complex (1) under ultrasonic irradiation. A solution of 0.5 mmol H,L Schiff
base ligands (25 ml methanol or chloroform) was poured dropwise into a 25 ml methanolic solution of
0.5 mmol dioxo molybdenylacetylacetonate during 40 min under ultrasonic irradiation. After the end
of the titration the solution was kept in the ultrasonic bath for a period of 40 min. After that the ob-
tained precipitates were filtered and dried. Yield: 88%. m.p: 296 °C. FT-IR (KBr disc): 3215, 2978,
1629, 1558,911, 830 cm . To study the effect of the type of solvent, the initial reagent concentrations,
and the sonication time on the size and morphology of compound 1, the above processes were carried
out under different conditions (Table 1).

Preparation of molybdenum trioxide. Calcination of nanosized complex 1 at 700 °C in a fur-
nace and static air atmosphere for 4 h afforded a-MoO; nanoparticles. Selected FT-IR data, v (cm™):
995 (M0=0), 864 (Mo—0O—Mo), 567 (M0,0,).

RESULTS AND DISCUSSION

The reaction of 2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-phenol (H,L) with dioxo mo-
lybdenum acetylacetonate leads to the formation of a methanol {2-[(2-hydroxy-1,1-dimethyl-
ethylimino)-methyl]phenolato} dioxidomolybdenum(VI) complex (Scheme 1) [ 29 ]. Nanostructures of
compound 1 were obtained by ultrasonic irradiation and the solvothermal process, while bulk powder
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Scheme 1. Preparation of the methanol {2-[(2-hydroxy-1,1-dimethyl-ethylimino)-
methyl]phenolato} dioxidomolybdenum(VI) complex

of compound 1 was obtained by reflux of the methanolic solution of the reagents. Scheme 2 gives an
overview of the methods used for the synthesis of compound 1 using three different routes.

In methanol
By reflux method

Bulk powder of compound 1

In different solventg
in girrerent soivents

MoO,(acac), + H,L Nano structure of compound 1

By ultrasound

In methanol

By solvothermal
method

Nano 0-MoO,

Calcination at 700 °C

Scheme 2. Material produced and synthetic methods

The FT-IR spectra of the structure produced by the sonochemical and solvothermal methods and
of the bulk material produced by the reflux method are indistinguishable (Fig. 1). A comparison of the
spectra of the complexes with the ligand provides evidence for the coordination mode of the ligand in
the complex. A sharp band appearing at 1601 cm™' due to v(C=N) (azomethine) shifts towards upper
wavenumber at about 1630 cm ™. This indicates the involvement of azomethine nitrogen in the coordi-
nation to the metal center. IR spectra of the Mo complexes show two characteristic bands in the re-
gions of 830 and 910 cm™', which could be assigned to the symmetric and asymmetric stretching vi-
brations of cis-dioxo (MoQ,) respectively [ 30 ]. The IR spectra of the molybdenum complexes as bulk
and the complex produced by the sonochemical and solvothermal methods are identical.

Fig. 2 shows the simulated XRD pattern from the single crystal X-ray data of compound 1
(Fig. 2, a) in comparison with the XRD pattern of the typical sample of compound 1 prepared by the
sonochemical process and the solvothermal method (Fig. 2, b, ¢). The pattern for the three methods is
similar. Acceptable matches, with slight differences in 26, were observed between the simulated and
experimental powder X-ray diffraction patterns. This indicates that the compounds obtained by the
sonochemical and solvothermal processes are identical to that obtained by single crystal diffraction.
The significant broadening of the peaks indicates that the particles have nanometer dimensions.

The electronic absorption spectrum of complex 1 was measured in the MeOH solvent in the range
300—800 nm. The electronic spectra of the Schiff base ligand exhibit two maximum peaks at 315 and
400 nm. These peaks are attributed to n—n* and n—=n* transitions, respectively (Fig. 3). The first
band shifted to 340 nm in the spectra of the complex and the second band n—n* disappeared in the
spectra of the complex (Fig. 3). After complexation, atoms with lone pairs connect to the central metal
and the ligand structure would be rigid. Therefore, electron transfer is not available for these atoms as
the n—>n* transition. The electronic spectra shows that the peak of the m—n* transition shifted to the
highest wavelength after complexation. The aromatic rings of the organic ligands must be rigid after
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Fig. 2. XRD patterns: simulated pattern based
Fig. 1. FT-IR spectra of the ligand (a), the bulk complex (b), on the single crystal data of compound 1 (a),
the complex produced by the sonochemical method (c), the compound 1 prepared by the sonochemical
complex produced by the solvothermal method (d) process (b) and the solvothermal method (c)

the coordination because of n—r stacking interactions. Thus, the electronic energy level of aromatic
rings decreased.

The morphology and size of compound 1 are investigated by SEM. Fig. 4 shows the SEM image
of compound 1 obtained by the solvothermal method. As seen, some nanoparticles obtained have a
diameter of about 50 nm and uniform morphology. No more optimization was made.

Various parameters in the sonochemical process, such as different solvents, concentrations of
starting materials, and the sonication time affect the size and morphology of the structures. Experi-
mental conditions to prepare [MoO,L(CH;0H)] are summarized in Table 1.

Optimization of conditions in the sonochemical process. Type of solvents. For the investiga-
tion of the effect of solvents, two types of solvents were used; methanol and a methanol:chloroform
mixture. As seen in Fig. 5, @ and b, the type of the solvent affected the morphology and shape of the
complex; in 1:1 methanol:chloroform some nanorods were obtained while the use of methanol leads to
different structures; some nanoparticles of the complex were obtained.

1.0

1 1 T T L T T T T T T T T T T
300 350 400 450 500 550 600 650 700 750 800
Wavelength, nm

Fig. 3. Electronic spectra of [MoO,L(CH;OH)] Fig. 4. SEM images of nanoparticles
o of compound 1 obtained by the solvo-
at room temperature (25 °C)

thermal method
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Fig. 5. SEM photographs of nanostructures of compound 1 prepared with the 80 min
sonication time in 1:1 methanol: chloroform (@) and methanol (b)

Concentrations of starting materials. The morphology and particle sizes of the structures de-
pend on the concentrations of initial reagents. Thus, the concentrations of initial materials were
changed as an effective parameter in both types of solvents. The reactions were performed with four
different concentrations (Table 1).

A comparison between the samples with different concentrations shows different results. In
mixed solvents (methanol: chloroform) a decrease in the concentration has a negative effect on the
size and distribution of structures. Therefore, the concentrations of starting materials for sample No. 1
were considered as the optimal value. In the methanol solvent high concentrations of initial reagents
yielded more agglomerated particles. Thus, particle sizes produced using lower concentrations of the
initial reagents (2.5 mmol, sample No. 5) have better morphology than particle sizes produced with
other concentrations.

Sonication time. In order to investigate the sonication time as an effective parameter for the size
and morphology of the structures, two further experiments were conducted (Table 1, samples Nos. 9
and 10).

With a lower sonication time it seems more agglomeration of particles happened, leading to semi
bulk structures. Therefore, it can be concluded that a higher sonication time prevents the particle ag-
glomeration. Hence, a sonication time of 80 min is considered as the optimal value.

Thermal studies. The thermal decomposition behavior of nanosized compound 1 was investi-
gated on heating from ambient temperature to 800 °C (Fig. 6). Compound 1 is stable up to 113 °C. At
this temperature, one methanol molecule was evaporated (calc: 8.83 %, obs: 9.01 %) with endothermic
effects. The experimental mass loss of 18.39 % is consistent with the calculated value of 14.44 % for
the elimination of three methyl groups at 297 °C with endothermic effects. At higher temperatures, the
decomposition of the compound occurs accompanied by two endothermic effects at 550 °C and
696 °C to ultimately give a solid that appears to be molybdenum(VI) trioxide powder (calc: 40.97 %,
observed: 46.05 %).

Preparation of molybdenum trioxide. Depending on the experimental conditions, different
MoOs; polymorphs can be obtained. To prepare mo- 1 L3
lybdenum trioxide nanoparticles, samples of prepared
compound 1 under optimal conditions were calcinated
at 700 °C for 4 h. A white powder was obtained. The
MoO; materials prepared after calcination were char-
acterized by X-ray diffraction and FT-IR measure-
ments. Fig. 7 shows the X-ray diffraction (XRD)
spectra of the powders. The white powder is crystal-
line and corresponds to a-MoO; (JCPDF 37-519).

DSC, mW/mg

T T T T T T T 73
. 100 200 300 400 500 600 700 800
Fig. 6. Thermal behavior of compound 1 Temperature, °C
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Fig. 7. XRD pattern of MoOs nanoparticles prepared . ]
by calcination of compound 1 at 700 °C Fig. 8. FT-IR absorption spectra of o-MoOs

The analysis of the XRD pattern reveals that the MoO; sample crystallizes in the orthorhombic sym-
metry with the Pbnmm space group. According to Bragg's law, d, :2'—6’ where d; and
sin
L =1.54056 A is the interplanar spacing and the used X-ray wavelength. The lattice parameters
a=3.963(1), b =13.856(0), ¢ = 3.696(6) A and the unit cell volume ¥ =202.9(85) A® are determined.
The sharp and intense peaks in the XRD pattern of the product demonstrate good crystallinity of MoOs
nanoparticles. The crystallite size of the molybdenum residual at 700 °C was estimated from the full
width at half maximum (FWHM) of the characteristic XRD peaks using Debye—Scherrere equation
(D).

D =K\ /BCos6, (1)
where D is the particle (crystallite) size; K is a constant (0.94 for the Cu grid); A is the X-ray wave-
length (1.54056 A); 0 is the Bragg diffraction angle, and f is the integral peak width. The particle size
was calculated according to the highest intensity value. The particle size was estimated to be 20 nm,
i.e. within the nanoscale range and in agreement with the SEM results.

Fig. 8 exhibits the FT-IR spectra of MoO; powders. Broad bands on the low energy side of the
FT-IR spectrum below 1000 cm ' are due to the molybdenum oxide network. Two main regions ap-
pear in the spectra of MoO; compounds that are vibrations at 1000—600 and 600—400 cm . The
band at 550—600 cm ™' is typical of the vibration of the Mo,O, entity formed by edge sharing MoOg
polyhedra building the orthorhombic a-MoOj structure. The band at 995 cm ™' is characteristic of the
vibration of the Mo=0 terminal bond [ 31, 32 ]. The dominant band at 860 cm ' is associated with the
vibration of Mo—O—Mo bridging bonds [ 33—35].

SEM images of the residues obtained by direct calcination of the nanostructures of compound 1 at
700 °C shows the formation of MoOj; nanoparticles (Fig. 9). As seen in Fig. 9, calcination of the com-
pound obtained by the solvothermal method and sample No. 1 (sonochemical method) yielded
nanoparticles of molybdenum trioxide with diameters of 30—40 and 50—60 nm respectively. Calci-
nation of sample No. 5 (sonochemical method) yielded a mixture of plates, rods, and nanoscale parti-
cles while the use of the bulk complex, prepared by reflux, as a precursor afforded micro structures of
MoOj; accompanied by nanoparticles.

CONCLUSIONS

Methanol {2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]phenolato}dioxidomolybdenum(VI)
complex (1) was synthesized by sonochemical irradiation and the solvothermal method and their crys-
tal structures were compared. Compound 1 was characterized by elemental analysis, powder XRD,
FT-IR and UV-Vis spectroscopy, TG and DSC analyses. To prepare compound 1, two methods were
used: sonochemical and solvothermal. In the sonochemical method some parameters such as the type
of the solvent, concentrations of initial reagents, and the sonication time were examined and their
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Fig. 9. SEM image of MoO; nanoparticles obtained by calcination of compound 1
prepared by the ultrasonic process (sample No. 1 (@) and sample No. 5 (b)), the sol-
vothermal method (¢), and the bulk complex at 700 °C(d)

effects on the shape, morphology, and size of the structures were investigated. The type of the solvent
affected the shape of compound 1, in the 1:1 mixture of methanol and chloroform some nanorods were
obtained, meanwhile in methanol nanoparticles of compound 1 were obtained. The results show that
the morphology and particle sizes of the structures depend on the concentrations of initial reagents and
the ultrasound irradiation time. The optimal size of compound 1 was obtained at a concentration of
5 mmol in methanol: chloroform and 2.5 mmol in methanol. A decrease in the sonication time led to a
greater agglomeration in both types of solvents. Calcination of compound 1 at 700 °C in a furnace and
static air atmosphere for 4 h yields molybdenum trioxide nanoparticles.

10.
11.

Support of this investigation by Vali-e-Asr University of Rafsanjan is gratefully acknowledged.
REFERENCES

. Bagherzadeh M., Latifi R., Tahsini L., Amani V., Ellern A., Keith Woo L. // Polyhedron. — 2009. — 28.

—P.2517.

. Barriere F. // Coord. Chem. Rev. — 2003. — 71. — P. 236.
. Inscore F.E., Knottenbelt S.Z., Rubie N.D., Joshi HK., Kirk M.L., Enemark J.H. // Inorg. Chem. — 2006.

—45.-P. 967.

. Romao M.J. // Dalton Trans. —2009. — 21. — P. 4053.
. Mosch-Zanetti N.C., Wurm D., Volpe M., Lyashenko G., Harum B., Belaj F., Baumgartner J. // Inorg. Chem.

—2010.—-49.-P. §914.

. Schachner J.R.A., Traar P., Sala C., Melcher M., Harum B.N., Sax A.F., Volpe M., Belaj F., Mosch-Zanet-

ti N.C.// Inorg. Chem. — 2012. —51. — P. 7642.

Glowiak T., Jerzykiewicz L., Sobczak J .M., Ziolkowski J.J. // Inorg. Chim. Acta. —2003. — 356. — P. 387.

Sah A.K., Rao C.P., Saarenketo P.K., Wegelius E.K., Kolehmainen E., Rissanen K. // Eur. J. Inorg. Chem.
—2001.-2001. - P. 2773.

Rao C.P., Sreedhara A., Rao P.V., Verghese M.B., Rissanen K., Kolehmainen E., Lokanath N.K., Sridhar M A.,
Prasad J.S. // J. Chem. Soc., Dalton Trans. — 1998. — P. 2383.

Nugent W.A., Mayer J.M. Metal—Ligand Multiple Bonds. — New York: Wiley-Interscience, 1988.

Tsuruoka T., Furukawa S., Takashima Y., Yoshida K., Isoda S., Kitagawa S. // Angew. Chem. Int. Ed. — 2009.
—48. - P. 4739.



1034 S. SAEEDNIA, P. IRANMANESH, M. HATEFI ARDAKANI, N. EBADINEJAD

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22,
23.
24,
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.

Guo H., Zhu Y., Qiu S., Lercher J.A., Zhang H. // Adv. Mater. — 2010. — 22. — P. 4190.

Suslick K.S., Choe S.-B., Cichowlas A.A., Grinstaff M.W. // Nature. — 1991. — 353. — P. 414.

Ranjbar Z.R., Morsali A. // J. Mol. Struct. — 2009. — 936. — P. 206.

Masoomi M.Y., Mahmoudi G., Morsali A.// J. Coord. Chem. —2010. — 63. — P. 1186.

Sadeghzadeh H., Morsali A. // Ultrason. Sonochem. —2011. — 18. — P. 80.

Safarifard V., Morsali A. // Ultrason. Sonochem. —2012. — 19. — P. 300.

Akhbari K., Morsali A. // J. Organomet. Chem. — 2012. —700. — P. 125.

Mason T., Peterson D. // Pract. Sonochem. —2002. —2. - P. 17.

Camacho-Lopez M.A., Haro-Poniatowski H., Lartundo-Rojas L., Livage J., Julien C.M. // Mater. Sci. Eng. B.
—2006. - 135. - P. 88.

Comini E., Yubao L., Bando Y., Sbervglieri G. // Chem.Phys. Lett. — 2005. — 407. — P. 368.

Miyata N., Suzuki T., Ohyama R. // Thin Solid Films. — 1996. — 281/282. — P. 218.

Guerfi A., Dao L.H. // J. Electrochem. Soc. — 1989. — 136. — P. 2435.

Julien C., Yebka B., Nazri G.A. // Mater. Sci. Eng. B. — 1996. — 38. — P. 65.

Prasad A.K., Gouma P.I., Kubinski D.J., Visser J.H., Soltis R.F., Schmitz P.J. // Thin Solid Films. — 2003.
—436.—P. 46.

Comini E., Faglia G., Sberveglieri G., Cantalini C., Passacantando M., Santucci S., Li Y., Wlodarski W.,
Qu W.// Sens. Actuators B. —2000. — 68. — P. 168.

Chen G.J.J., McDonald J W., Newton W.E. // Inorg. Chem. — 1976. — 15. — P. 2612.

Mercury 1.4.1. — Cambridge, UK: Copyright Cambridge Crystallographic Data Centre, 2001—2005.
Liimatainen J., Lehtonen A., Sillanpaa R. // Polyhedron. —2000. — 19. — P. 1133.

Rezaeifard A., Sheikhshoaie 1., Monadi N., Alipour M. // Polyhedron. — 2010. — 29. — P. 2703.

Kihlborg L. // Ark. Kemi. — 1963. — 21. — P. 357.

Segun L., Figlaz M., Cavagnat R., Lassegues J.C. // Spectrochim. Acta, Part A. — 1995. —51. — P. 1323.
Harb F., Gerand B., Nowogrocki G., Figlarz M. // Solid State lonics. — 1989. —32/33. — P. 84.

Eda K. //]. Solid State Chem. — 1991. — 95. — P. 64.

Nazri G.A., Julien C. // Solid State Ionics. — 1995. — 80. — P. 271.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


