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Metathesis microwave synthesis  (MMS) of metal orthovanadates (MVO4, M = Cr, Fe, Co, Ni, Cu) are realized with by-
product NaCl having high lattice energy driven in the forward direction of the MMS reaction based on ionic exchange. The 
synthesis procedure is applied at 850 W powers in a domestic oven for a short time as 10 minutes. The structural, 
morphological and optical properties of synthesized powders are determined by powder X-ray diffraction (XRD), Rietveld 
analysis, fourier transform infrared spectroscopy (FTIR), scanning electron microscopy/energy dispersive X-ray analysis 
and photoluminescence spectroscopy (PL). The unit cell parameters and crystal systems of the products are identified by 
Rietveld refinement method one by one.      
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1. Introduction 
 

The family of ABX4 type compounds is  interesting 

candidates in such areas: solid state scintillator materials, 

laser host materials, in opto-electronic devices, etc. Zircon 

[1], orthovanadates [2,3], chromates [4], phosphates [5], 

fluorides [6], orthotungstates [7,8], and molybdates [9] are 

the intensively studied systems of this family. Most of 

these compounds crystallize either in zircon with space 

group I41/amd, Z ¼ 4 or scheelite structure with s pace 

group I41/a, Z ¼ 4 [10] at ambient conditions. Among 

these systems the metal orthovanadates with the general 

formula MVO4 (M = Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn) 

represent optical, magnetic and electronic properties  

[11,12]. In addition, given their incomparable properties, 

chemical stability, and non-toxicity, orthovanadate can be 

used in biomedical applications [13]. The scientists began 

to resolve the crystal structure and group theory of MVO4, 

to find the cause of the unique features obtained when the 

metals orthovanadates coexist [14]. Milligan and Vernon 

[15] reported structural studies of a group of MVO4 which 

was synthesized by a previously described route 

containing mixed ammonium metavanadate with the oxide 

of a metal [16], and exposed that the crystals had 

crystallised in body-centred tetragonal systems of space 

group I41/amd (1 41) [15]. In 1958, Carron et al. [17] 

emphasized that acorrelation exist between ionic radii and 

the crystalline structures of vanadates. Also, Chakoumakos 

et al. [18] considered the same pathway, and managedto 

find relations between size limits and structures of MVO4 

synthesized homogeneous co-precipation in molten urea. 

The average V–O bond lengths for all synthesized heavy 

metals were similar with a small shortening with 

decreasing the atomic size of HM [19,20]. On the other 

hand, colloidal synthesis [21], conventional solid state 

synthesis [10-12,22], flux technique [23,24], sol-gel 

method [25,26] and polyacrylamid gel method [27] were 

used to obtain metal orthovanadates.    

The above mentioned syntheses methods have some 

disadventages. For example, conventional high 

temperature solid state reactions  need high temperature 

ranging from 450‒1100 °C and long reaction time between 

3‒72 hours, and also produce both oxygen deficiency and 

large graing size materials. In precipation method, pH 

regulation must be under proper control to overcome the 

formation of respective phase of the hydroxide. The other 

wet processes need longer reaction time, expensive 

equipment, complicated process ing and produce poor yield 

[28]. A novel microwave metathesis synthesis (MMS) 

reaction driven by microwave energy is emerging as a 

altervative method of synthesis of inorganic solids such as 

oxides, chalcogenides, oxide superconductors, metal 

halides, nitrides,  etc. [29-37]. For example, K2La2Ti3O10, 

Ca2La2CuTi2O10, LaMO3 (M = Co, Mn), ATiO3 (A = Ca, 

Sr and Ba) and Ba3M
I
M

II
2O9 (M

I 
= Mg, Ni, Zn; M

II 
= Nb, 

Ta) were synthesized via this process by Gopalakrishnan 

et al [38-41]. Additionally, Kaner et al. have synthesized 

oxides of Zr, Hf and Cu using this approach [42,43]. Parhi 

et al. have synthesized Zn3(PO4)2 [43], LMO4 (L = Y, La 

and M = V, P) [28] and MWO4, (M = Zn) at room-

temperature using this procedure [43].   

Microwaves are electromagnetic radiation with 

frequency range of 0.3-300 GHz. In the microwave 

heating purposes, narrow frequency window is only used 

and at least one of the reactants must be ineraction to 

microwave field [44]. Although, microwave ovens are 

prefered to use in laboratory scale, large industrial types of 

microwave furnaces have been applied to obtain large 
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quantities of production of many chemicals [45-51]. There 

are featured advantages of microwave heating such as 

improved product uniformity, higher yield, energy saving, 

shorter processing time, and controlled micros tructure 

resulting obtaining of fresh materials with superior 

properties  [28,34,40,43,49-54]. The most fateful property 

of a metathetic reaction is the formation of high lattice 

energy by-product (such as NaCl) ensured a local source 

of energy which acts as the fundamental driving force for 

the reaction in a short amount of time [55]. When we take 

into account these adventages, selecting solid-state 

metathesis reactions become inevitable. We have used a 

combination of MMS and solid state synthesis for 

obtaining of MVO4 (M = Cr, Fe, Co, Ni, Cu) with 

matchless properties in a simpleway. Reaction-referrer by-

product NaCl has been obtained by hydrous metal chloride 

and sodium orthovanadate. In this medium, hydrous metal 

chloride acts both microwave active material and chloride 

source, and sodium orthovanadate plays bor sodium and 

vanadium source. The extraordinary side of this study is 

microwave metathesis synthesis of metal orthovanadates 

(MVO4, M = Cr, 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, vibrations of 

interatomic bonds and optical properties  of CrVO4, 

FeVO4, CoVO4, NiVO4 and CuVO4 powders have been 

tested for brighten of structural and optical nature.      
 

 

2. Experimental section 
 

All chemical were used without further purification. 

Anhydrous metal chloride and sodium orthovanadate were 

employed for preperation of the title compounds. The 

prepartion of chromium orthovanadate was carried out by 

grinding chromium chloride and Na3VO4 as 1:1 molar 

ratio in an agate mortar followed by microwave treatment 

in a domestic microwave oven (2.45 GHz, 850 W powers) 

for 10 min. The X-ray powder diffraction pattern of the 

final product was get two times; without washing and after 

washing with distilled hot water and recrystallized at 400 

ºC. All heavy metal orthovanadates were obtained in a 

same metathetic pathway.    

Powder X-ray diffraction (XRD) measurements were 

carried out by Panalytical X’Pert Pro Diffractometer and 

CuKα radiation (λ=1.54056 Ǻ, 40 mA, 50 kV) with a scan 

rate of 1º/min with step size 0.02º. The Rietveld analyses 

of the samples were done by using the High Score Plus 

(HS+) Program (License number: 92000029). A Siemens 

V12 domestic microwave oven was used as the microwave 

source. Recrystallization process was achieved in a 

Protherm conventional furnace. Fourier transform infrared 

spectroscopy (FTIR) was on a Perkin Elmer Spectrum 100 

FTIR Spectrometer from 4000 to 650 cm
-1

. Scanning 

electron microscopy/energy dispersive X-ray analyses 

were achieved in SEM JEOL 6390-LV/EDX. The 

luminescence properties were measured by Andor Solis Sr 

500i spectrophotometer (PL) at grating 1200 and 100 μm 

slit conditions.  

 

3. Results and discussion  

 

Fig. 1 shows the powder XRD of CrVO4 (V1), FeVO4 

(V2), CoVO4 (V3), NiVO4 (V4) and CuVO4 (V5) without 

washing (Fig. 1a), after washing (Fig. 1b) and after heat 

treatment (Fig. 1c). The by-product NaCl (ICSD:98-005-

3815) is marked with “ * “ in Fig 1a. The formation of 

NaCl confirm the reactions have progressed in a 

metathetic pathway as described previous studies [43,55-

57]. The equation of the reaction between metal chloride 

and sodium orthovanadate to form MVO4 (M = Cr, Fe, Co, 

Ni, Cu) is indicated as follows:  

 

MCl3 + Na3VO4 → MVO4 + 3NaCl 

 

The reaction equations for the other compounds can 

be formed by taking into account of the above equation. 

Sodium chloride with high lattice energy drives the related 

reaction to product direction. Therefore, metal 

orthovanadates, are synthesized by driving force of NaCl. 

Therefore, target compounds have been obtained by MMS 

reaction. The removal process of the by-product contains 

washing hot distilled water three times  and dried at 80 ºC 

to remove the water. The products which are amorphous 

caused by sudden temperature changes under microwave 

energy and washing process have been subjected to heat 

treatment at 800 ºC to get best crystallization and remove 

excess water (Fig. 1c). The unit cell parameters of the 

recrystallized compounds are calculated by High Score 

Plus program with Rietveld refinement method (Table 1).  

   

 
 

Fig. 1. Powder X-ray diffraction pattern of the samples (a) 
without washing, (b) after washing, (c) after heat treatment 
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 Table 1. Crystal system and unit cell parameters of MVO4 (M=Cr, Fe, Co, Ni, Cu) calculated by Rietveld refinement method 

 using X-ray powder diffraction data 

 
Reactants Product  Crystal 

system 

Unit cell parameters 

a (Å) b (Å) c (Å) 

CrCl3 Na3VO4 CrVO4 orthorombic 5.5684 8.6842 6.5645 

FeCl3 Na3VO4 FeVO4 orthorombic 6.1784 9.1258 7.0529 

CoCl2 Na3VO4 CoVO4 orthorombic 5.8784 8.6710 6.6290 

NiCl2 Na3VO4 NiVO4 orthorombic 5.9014 8.6659 6.5464 

CuCl2 Na3VO4 CuVO4 orthorombic 6.0382 8.6106 6.7646 

 

The FTIR spectrums of the samples are shown in Fig. 

2. The vibrations of V=O [58] and V‒O [59] bonds of 

orthovanate group are also listed in Table 2. These 

vibration values are overstated evidence of formation of 

the related compounds.   

 

 

Fig. 2. The FTIR spectrum of (a) CrVO4, (b) FeVO4,  

(c) CoVO4, (d) NiVO4 and (e) CuVO4 

 

Table 2. Frequency data of sub-vibrations of orthovanadate 

group at FTIR spectrum 

 

Assignment Frequency (cm-1) 

V=O 970-920 

V-O 756-631 

 

 

Scanning electron microscopy and energy dispersive 

X-ray analysis are given in Fig. 3. SEM micrograph and 

EDX analyses are used to determine surface morphology 

and crystal composition of the samples. The SEM 

photographs of the samples show that homogeneous 

particle with a flate-like aspect which is composed of a 

large number of small grains, except FeVO4 with needle-

like morphology. The molar ratios metal to vanadium 

calculated via EDX pattern are given in Table 3. The EDX 

results of the samples exhibit a good agreement with the 

XRD database. 

 

 

 
 

Fig. 3. Scanning electron micrograph images and EDX 

analysis of (a) CrVO4, (b) FeVO4, (c) CoVO4, (d) NiVO4 

and (e) CuVO4 
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Table 3. The metal to vanadium ratios from EDX 

 

Compound Ratio (M:V)  

CrVO4 1.1:1 

FeVO4 1.1:1 

CoVO4 1.3:1 

NiVO4 1.2:1 

CuVO4 1.0:1 

 

In Fig. 4, the PL emissions of CrVO4, FeVO4, CoVO4, 

NiVO4 and CuVO4 powders can be seen in order. All the 

emission spectra consist of a broad band ranging from 350 

to 600 nm with a maximum at about 470 nm with several 

shifts, which can be attributed to a one-electron charge-

transfer process like in other self-activated vanadate 

phosphors [60-62]. In a general aspect, compounds exhibit 

blueshift except CrVO4 with a redshift. On the other hand, 

CoVO4 has the most intensive radiation.  

 

 
 

Fig. 4. Photoluminescent spectrum of (a) CrVO4,  

(b) FeVO4, (c) CoVO4, (d) NiVO4 and (e) CuVO4 

 

 

4. Conclusion  
 

In this study, metal orthovanadates, MVO4 (M = Cr, 

Fe, Co, Ni, Cu) are synthesized by microwave metathesis 

synthesis via driving force to product direction 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 

orthovanadate and metal chlorides. Besides, the volumetric 

heating ability of microwaves allows for more rapid and 

uniform heating, resulting in decreased processing time, 

and often enhanced material properties. The calculations 

of unit cell parameters are realized by Rietveld method 

using powder XRD pattern. Structural, morphological and 

optical properties also support the formation of these metal 

orthovanadates. In a general aspect, compounds exhibit 

blueshift except CrVO4, and homogeneous view in surface 

images.  
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