
“Mircea cel Batran” Naval Academy Scientific Bulletin, Volume XIX – 2016 – Issue 1 
Published by “Mircea cel Batran” Naval Academy Press, Constanta, Romania // The journal is indexed in:   

PROQUEST / DOAJ / DRJI / JOURNAL INDEX / I2OR / SCIENCE LIBRARY INDEX / Google Scholar / Crossref / 
Academic Keys / ROAD Open Access / OAJI / Academic Resources / Scientific Indexing Services / SCIPIO 

382 
DOI: 10.21279/1454-864X-16-I1-064 
© 2015. This work is licensed under the Creative Commons Attribution-Noncommercial-Share Alike 4.0 License. 
 

 
CHEMICAL AND STRUCTURAL CHARACTERIZATION OF ZN2-XCOXSIO4 (X=0.5) 

SOLID SOLUTIONS TYPE SYNTHESIZED BY TWO UNCONVENTIONAL 
METHODS (SOL-GEL METHOD AND PECHINI METHOD) 

 
Ana-Maria ENE1 
1Scientific researcher, MAGISTRA 
 
Abstract: Zn2-xCoxSiO4 (x=0.5) nano-particles were successfully synthesized at a low temperature of 
900°C both by Pechini method and sol-gel method with starting materials of  Zn(CH3COO)2·2H2O, 
Co(CH3COO)2·4H2O and Si(OCH2CH3)4. The structural characterization of the precursors and derived 
synthesized oxide powders is done by X-ray diffraction (XRD), Fourier transform infrared spectroscopy 
(FTIR), thermal analysis (TG-DTG) and electron microscopy (SEM, EDX and TEM) studies. The effect of 
heat-treating temperature on the crystallinity of the Zn2-xCoxSiO4 (x=0.5) was investigated. Combined the 
XRD data and the strong FTIR peaks as signed to Zn-O and Si-O vibration indicate the formation of Zn2-

xCoxSiO4 (x=0.5) phase at a temperature of 900°C. Also the nano-crystals size distribution for sol-gel 
process was studied and the main diameter of nanoparticles was about 15nm. 
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Introduction 
The green colored oxides of CoO-ZnO system, 
with low cobalt content, have demonstrated to be 
comparable in their physical and chemical 
properties with Cr (III) green pigments. [1] 
Therefore, the Co-ZnO oxides are of interest as 
new ecological friendly colored pigments because 
they can be used as substitutes of chromium 
oxides. [1] 
On the other hand, in recent years, oxide solid 
solutions of Co-doped ZnO have been of great 
interest for device applications, as in 
optoelectronics and term electronics, due to their 
electronic and magnetic properties. [1] 
Cobalt-doped zinc orthosilicate (Zn2 - xCoxSiO4) – a 
solid solution of Zn2SiO4andCo2SiO4 – has a 
particular importance in inorganic pigments 
industry.  
Co2SiO4 is at the bottom of obtaining a heat 
resistant pink-purple pigment. [2-5] 
Size and dimensionality are now regarded as 
particularly important factors influencing the 
chemical and physical properties of the materials. 
[6] 
Many low temperature methods have been 
proposed to replace the current solid-state 
reactions. [7] 
In recent years, many new preparation approaches 
have been proposed, including spray pyrolysis 
route, sol-gel method, chemical vapor synthesis 
and hydrothermal method. [8] 
Other studies from the literature have also 
reported information about non-standard methods 
for the synthesis of inorganic pigments: sol-gel 
method, Pechini method and co-precipitation 
method. [9-15] 
Sol-gel is an alternative synthesis of these 

compounds and is generally preferred because it 
has many advantages such as: purity and 
advanced homogeneity of the synthesized 
compounds, much lower temperature heat  
 
treatment and the possibility of modifying the 
properties of the synthesized compounds by 
varying parameters synthesis. 
The sol-gel method and its modifications have 
been widely used for inorganic/ceramic, catalytic 
materials and also organic-inorganic hybrid 
structures. [16-19] 
Sol-gel method is effective to improve the 
crystallization and control the morphology of 
synthesized material. 
A process related to the sol-gel route is the 
Pechini method or liquid mix process. [20] 
An important consequence of the molecular-scale 
mixing is a drastic reduction of thermal treatment 
temperature. 
Among the methods, the hydrotermal synthesis has 
great advantage, such as better distribution of metal 
ions, controllable morphology and lower cost. [8] 
However, the as-formed inorganic phosphors of 
these processes still require post-calcination at 
temperatures of 900°C or more to increase the 
crystallinity of the inorganic phosphors. [7] 
Thus, the environmental burden of producing 
industrial phosphors could be greatly reduced if a 
single-step method was available that occurred 
rapidly at low temperatures. [7] 
This paper aimed synthesis by two unconventional 
methods (sol-gel method and Pechini method) 
heat-treated in a conventional oven of Zn2-

xCoxSiO4 (x=0.5) solid solutions type and chemical 
and structural characterization of the synthesized 
compounds. [21] 
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The Zn2-xCoxSiO4 (x=0.5) nanopowders have 
been investigated by thermal analysis (TG-DTG), 
X-ray diffraction (XRD), Fourier transform infrared 
spectroscopy (FTIR) and electron microscopy 
(SEM, EDX and TEM) studies. 
Experimental 
The Zn2-xCoxSiO4 (x=0.5) was synthesized using 
two unconventional methods (sol-gel method and 
Pechini method). The starting materials were 
Zn(CH3COO)2·2H2O, Co(CH3COO)2·4H2O and 
Si(OCH2CH3)4. Reagents were all analytical pure 
regents in the experiments. 
Sol-gel method 
In the first step of the synthesis was necessary to 
obtain the SiO2 soil which was made by acid 
hydrolysis of TEOS at room temperature. This 
step involved magnetic stirring for one hour of a 
mixture with the following molar ratio: H2O : 
Si(OCH2CH3)4 : CH3CH2OH : HCl(6N) = 1 : 1 : 
0.5 : 0.0013 
Separate were prepared solutions with necessary 
stoichiometric quantities of Zn(CH3COO)2·2H2O, 
Co(CH3COO)2·4H2O for the synthesis of Zn2 -

xCoxSiO4 solid solution (x=0.5) and using a 25% 
NH3 solution the two metals co-precipitation was 
carried out as hydroxides. 
The two soils obtained were then brought into the 
same reaction vessel and mixed using magnetic 
stirring at room temperature for one hour. 
Obtained co-precipitate was allowed to mature for 
seven days, then filtered and rinsed with distilled 
water. After filtration, obtained product was dried 
in an oven at 110°C and then heat-treated at 
800°C, 900°C, 1000°C and 1100°C with a bearing 
heat treatment for two hours. 
Pechini method 
In the first step of the synthesis, the SiO2 soil was 
prepared by a sol-gel method using TEOS as a 
precursor of silicon. Si(OCH2CH3)4 is first 
hydrolyzed for one hour using magnetic stirring. 
Stoichiometric amounts of Zn(CH3COO)2·2H2O 
and Co(CH3COO)2·4H2O necessary on forming 
of non-stoichiometric Zn2 - xCoxSiO4 (x=0.5) 
chemical compound is dissolved in distilled water 
and then mixed with a aqueous solution of citric 

acid and ethylene glycol with a molar ratio: 
C6H8O7 : C2H6O2 = 3 : 1 
At the end of this stage, mix in the resulting 
mixture over SiO2 soil and continue the magnetic 
stirring for one hour, maintaining a constant 
temperature of 80°C. 
The obtained precipitate is filtered, rinsed with 
distilled water and dried in an oven at110°C to 
obtain the xerogel. 
Xerogel was then heat-treated in an oven on the 
following temperatures: 800°C, 900°C, 1000°C 
and 1100°C, maintaining temperature at the 
landing two hours on each time and for all the 
compounds. [22]  
The molar ratio of oxides in solid solution Zn2 -

xCoxSiO4 (x=0.5) was assessed by flame atomic 
absorption measurements using anatomic 
absorption spectrometer Shimadzu AA 6200. 
To determine the zinc and nickel in the 
synthesized compound, a known amount of the 
sample was brought into solution by means of a 
HACH Digesdahl device using aqua regia (HNO3: 
HCl=3: 1). [23] 
After bringing into solution, there were determined 
zinc and nickel concentrations by atomic 
absorption spectrometry at 213.9 nm wavelength 
for zinc and 240.7 nm wave length for cobalt. 
Forming and characterization of Zn2 - xCoxSiO4 
(x=0.5) solid solution synthesized by the sol-gel 
and Pechini method respectively, was evaluated 
by differential thermal analysis using a DTG 
Shimadzu derivatograph-TA-514H, by X-ray 
diffraction using a SHIMADZU diffractometer with 
radiation Cu Kα, by FTIR spectrometer using a 
BRUKER VECTOR 22 Fourier transform and by 
electron microscopy using an electronic 
microscope PHILIPS CM 120 STEM. [24-33] 
Results and discussion 
Measurements of atomic absorption showed 
similar concentrations of zinc and cobalt from the 
theoretical ones, which allow the evaluation of the 
molar ratio ZnO: CoO = 3: 1 
Table 1 presents the results of atomic absorption 
determinations: 

 
Table 1. Theoretical and practical percentage composition of Zn and Co in 

Zn2-xCoxSiO4 (x=0.5) compound 
 

Compound 
 

Synthesis method % Zn % Co 
theoretical practical theoretical practical 

Co0.5Zn1.5SiO4 Sol-gel 44.65 37.23 13.42 10.95 
Co0.5Zn1.5SiO4 Pechini 44.65 42.24 13.42 12.63 

 
Complex thermal analysis performed on solid sample, thermally untreated bring important information about 
the formation of Zn2 - xCoxSiO4 (x=0.5).  
Figure 1 presents TG-ATD curves recorded in 20-1000°C temperature range, for Zn2 - xCoxSiO4 (x=0.5) 
synthesized by the sol-gel method. 
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Figure 1: Complex thermal analysis of Zn2 - xCoxSiO4 (x=0.5) powder 

synthesized by sol-gel method 
 

Figure 1 presents an exothermic effect arising 
from the temperature of 368.09°C and 708.06°C, 
with end of thermal effect appears at 86.82°C 
attributed to the dehydration process. 
Total mass loss recorded in the range 20-903°C in 
the TG curve is 32.71% and occurs in four stages: 

- First weight loss of 9.69% occurs in the 
range 20-124°C and can be attributed to 
the loss of water adsorbed compound; 

- In the range 124-226°C, the weight loss is 

only 3.68%; 
- In the range 226-417°C appears the most 

important mass loss of 17.06% (which 
represents approximately 52%), 
corresponding to the reforming of the 
synthesized compound; 

- In the range 417-903°C, the weight loss is 
only 4.30%, which presents that the 
synthesized solid solution was formed 
since the 708.06°C. 

 
Figure 2 presents schematic evolution of mass loss (TG curve appreciated) versus temperature for                       
Zn2 - xCoxSiO4 (x=0.5) compound. 
 

 
Figure 2: Mass loss recorded for Zn2 - xCoxSiO4 (x=0.5) powder 

 
Formation of synthesized compound Zn2 -

xCoxSiO4 (x=0.5) was investigated using X-ray 
diffraction with Cu Kα radiation. 
Analyzing the XRD patterns, it can be seen that 
the maximum intensities obtained for the powder 
investigated belong to specific interference of the  
 

 
synthesized compounds, which confirm the 
formation of Zn2 - xCoxSiO4 (x=0.5) at low 
temperature (still to 708.06°C). 
Figures 3 a) and b) presents diffractograms 
obtained on Zn2 - xCoxSiO4 (x=0.5) powder, 
synthesized by sol-gel method (a) or by Pechini 
method (b) heat-treated at 900°C. 
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3 a) 

 
3 b) 

Figure 3: Obtained diffractograms for Zn2 - xCoxSiO4 (x=0.5) heat-treated at 900°C for two hours synthesized 
by:  a) the sol-gel method; b) the Pechini method 

 
Figure 4 a) and b) presents the evolution of the 
intensity of the two Zn2 - xCoxSiO4(x=0.5) specific 
interference, synthesized by sol-gel method (a) 

and Pechini method (b) by different heat treatment 
temperatures (900°C–Serie1 and 1000°C–
Serie2). 
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4 a) 

 
4 b) 

Figure 4: The evolution of the intensity of the two Zn2 - xCoxSiO4(x=0.5) specific interference, synthesized by 
sol-gel method (a) and Pechini method (b) with different heat treatment temperatures(900°C–Serie1 and 

1000°C–Serie2) 
 

The information presented in Figure 4 allows the 
choice of the optimum temperature for the 
formation of Zn2 - xCoxSiO4 (x=0.5). Thus, specific 
interference of the two synthesized compound 
was identified a specific intensity peak at 900ºC. 
At this temperature, the Zn2 - xCoxSiO4(x=0.5) 
compound synthesized in the laboratory was 
formed as mono-mineral single phase, well-
defined crystalline structure. Increasing the heat 
treatment temperature at 1000°C leads to a 

decrease in the intensity of specific interference of 
Zn2 - xCoxSiO4 (x=0.5) compound. 
In order to obtain more information about the 
compound synthesized, were performed 
spectroscopic analyzes FT-IR using Bruker Vector 
22 with Fourier transform. 
Figure 5 presents FTIR spectra for samples 
synthesized by the sol-gel method (a) and Pechini 
method (b), thermo set at 900°C. 

 

 

5 a) 

 

5 b)
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Figure 5: FTIR spectra for samples synthesized 
by the sol-gel method (a) and Pechini method (b), 
thermo set at 900°C. 
In figure 5 a) there is an absorption band at 974 
cm-1 due to vibration of free silanol type groups on 
the surface of the solid. 
At 458 cm-1 absorption band appears associated 
vibration δ Si-O, and at 932 cm-1 band is assigned 
to present a bond ν Si-O. At 613 cm-1 absorption 
band appears attributable to bond ν Zn-O. 
In figure 5 b) the absorption band appears at 
1102.3 cm-1 due to vibration asymmetric bonds Si-
O-Si. 
At 447.8 cm-1 absorption band appears associated 
vibration δ Si-O and 891.4 cm-1 band assigned to 
the connection is present ν Si-O. 

At 576.2 cm-1 absorption band appears 
attributable to bond ν Zn-O. 
These results are similar to standard values of 
catalogs spectra, demonstrating that Zn2-

xCoxSiO4 (x=0.5) powder was formed. [13] 
Particles morphology obtained by synthesis of 
Zn2 - xCoxSiO4 (x=0.5) by sol-gel method and 
Pechini method was assessed by electron 
microscopy measurements. 
In figure 6 is shown TEM image of the compound 
Zn2 - xCoxSiO4  (x=0.5), synthesized by sol-gel 
method at 900°C obtained by electron microscopy 
measurements on 200 nm (a) and 100 nm (b): 

 

 

6 a) 

 

6 b) 
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Figure 6: TEM image of the compound Zn2 - xCoxSiO4 (x=0.5), synthesized by sol-gel method heat-treated at 
900°C obtained by electron microscopy measurements at: a) 200 nm and b) 100 nm 

In figure 7 are shown TEM images of the compound Zn2 - xCoxSiO4 (x=0.5), synthesized by Pechini method 
heat-treated at 900°C as measured by electron microscope obtained at 10 nm (a) and 5 nm (b): 

 

7 a) 

 

7 b) 

Figure 7: TEM images of the compound Zn2 - xCoxSiO4 (x=0.5), synthesized by Pechini method at heat-
treated at 900°C as measured by electron microscope obtained at: a) 10nm and b) 5nm 

In figure 8 are shown HRTEM images of the compound Zn2 - xCoxSiO4 (x=0.5), synthesized by the sol-gel 
heat-treated at 900°C obtained by measurements of high-resolution electron microscopy at 10 nm: 
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Figure 8 HRTEM images of the compound Zn2 - xCoxSiO4(x=0.5), synthesized by the sol-gel method 
obtained heat-treated at 900°C as measured by high-resolution electron microscopy at 10 nm 

Figure 9 presents HRTEM image of the compound Zn2 - xCoxSiO4 (x=0.5), synthesized by Pechini method at 
900°C as measured by electron microscopy obtained high resolution at 5 nm: 

 

Figure 9: HRTEM image of the compound Zn2 - xCoxSiO4(x=0.5), synthesized by Pechini method at 900°C as 
measured by electron microscopy obtained high resolution at 5 nm 

Figure 10 presents the images obtained by electron diffraction Zn2-xCoxSiO4 (x=0.5) compound synthesized 
by the sol-gel method (a) or by the Pechini method (b) at 900°C: 

 

Figure 10: The electron diffraction pattern of the compound Zn2 - xCoxSiO4 (x=0.5) heat treated at 900°C, 
synthesized by sol-gel method  
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In order to estimate the number and size of the 
obtained particles, first is accomplished the 
counting step and then distribution of particle 

diameters is statistical represented on a 
logarithmic scale – Figure 11 a) and b). 

 

11 a) 

 

11 b) 

Figure 11: a) Particles counting; b) The statistical distribution of particle diameters of Zn2 - xCoxSiO4 (x =0.5) 
compound, synthesized by sol-gel method heat-treated at 900°C 

Looking at the graph from Figure 11, it can be 
seen that heat-treated at 900°C, the solid solution                            
Zn2-xCoxSiO4 (x=0.5) presents particles 

characterized by a diameter in the range of 9-25 
nm, with an average diameter of 15nm. 

 
CONCLUSION 
Considering our own experimental results on the synthesis and characterization of solid solution                                    
Zn2 - xCoxSiO4 (x=0.5), the following conclusions can be drawn: 

- Zn2 - xCoxSiO4 (x=0.5) solid solution was synthesized at low temperature from chemically pure 
reactive Zn(CH3COO)2·2H2O, Co(CH3COO)2·4H2O and Si(OCH2CH3)4, dosed in stoichiometric 
ratio using two unconventional methods of synthesis: sol-gel method and Pechini method; 

- Atomic absorption determinations allow assessment molar ratio ZnO: CoO as 3: 1, which is conform 
with theoretical data; 

- Derivatograph analysis certify the incomplete formation of Zn2 - xCoxSiO4 (x=0.5) solid solution from 
368.09°C and complete formation at a temperature above 708.06°C; 

- Diffractometer analysis revealed the formation of Zn2 - xCoxSiO4 (x=0.5) as full mono-mineral 
crystalline phase at 900°C, the temperature on which we recorded the highest values of intensity 
interference for the specific compound synthesized; 
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- FTIR confirm the formation of  Zn2 - xCoxSiO4 (x=0.5) by the existence of specific band for the bond              
Zn-O on 613 cm-1 and the specific band for the bond Si-O to 458 cm-1 or 932 cm-1; 

- Electronic microscopy determinations revealed the presence of fine particles of Zn2 - xCoxSiO4 
(x=0.5) synthesized by the sol-gel with a mean diameter of 15nm. 
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