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ABSTRACT 

Synthesis of Co
2+

:Nd
3+

::2:1 molar ratio doped SiO2 with Co
2+

 ions concentrations viz. 0.0004, 0.001,  0.002, 0.003, 0.004 
moles in S1-S5, respectively are performed by sol-gel method. Observed values of the densities and the concentrations of 
the Co

2+
 ions in S1-S5 are found to be 2.26, 2.29, 2.37, 3.44, 2.49 g/cm

3
, and ~ 10

20 
ions/g, respectively. Powder XRD 

results show the formation of amorphous SiO2 phase in the samples. DTA-TGA/DTG traces in the range 27-700 ˚C show 
no characteristic event in the samples. The IR peak in the range 412-418 cm

-1 
is ascribed to the asymmetric mode of the 

octahedral [NdO6/2]
3- 

units. The peak around 440 cm
-1

 in S1-S5 is due to the ν2-symmetric bending mode of the tetrahedral 
[SiO4/2]

4- 
units. The weak IR peak ~ 670 cm

-1
 is due to the ν1-mode of the tetrahedral [CoO4/2]

4- 
units. The calculated values 

of the magnetic susceptibility from the observed magnetic moments data at 300 K are found to be ~10
-6  

emu/gG in S1-S5 
which show the weak paramagnetic nature of the materials.  The EMR lineshapes recorded at 6, 50, 77, and 300 K are 
very broad, isotropic and smeared out with only two detectable characteristic peaks. The g iso-value ~ 2.3 is due to the 
doped Co

2+
(3d

7
) ions in tetrahedral coordinations, while the giso-value ~ 2.01 is due to the doped Nd

3+
(4f

3
) ions in distorted 

octahedral coordinations. The lineshapes only at 6 K are distinct, while at higher temperatures  these peaks are severely 
smeared out. The optical absorption broad band at ~750 nm (13262 cm

-1
) is assigned to 

4
I9/2  

4
F7/2 + 

4
S3/2 transitions in 

optically active Nd
3+

(4f
3
) ions, and the  peak ~ 520 nm (19230 cm

-1
) is attributed to 

4
A2g  

4
T1g(P) transitions in Co

2+
 

(S=3/2, 3d
7
) ions in tetrahedral coordinations . 
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1. INTRODUCTION 

Nanosize materials and the application of nanotechnology is the thrust area of research in materials chemistry and 
physics, because of their wide application potentials. One of the important class of nanomaterials is the metal ion-doped 
(transition metal or rare earth elements) zinc silicate nanophosphor (Zn2SiO4:X) (X=Mn

2+
,  Eu

3+ 
 etc.) [1] and [2] because 

of their interesting optical and magnetic properties. Literature has also reports on the EMR [3], [4], [5], [6 ], [7,], [8] and [9] 
and optical properties [10], [11] and [12] of Co

2+
(3d

7
) ions doped in various diamagnetic oxide matrices or in oxide 

matrices with other magnetic  transition metal or rare-earth ions [13] in varied coordination geometries . We also reported 
earlier on EMR and optical properties of Nd

3+
(4f

3
) ions in diamagnetic oxide matrices  [14] and [15].  

There are varieties of preparative methods available for the nanosize materials depending of their usage. One of the most 
important and widely used method is the sol-gel process [16] and [17] for preparing the nanomaterials. In this paper, we 
report our method of sol-gel synthesis and the results of our studies on the Co- and Nd-doped silicon dioxide amorphous 
powder using varieties of structure-sensitive techniques such as , powder x-ray diffraction (XRD), differential thermal 
analysis (DTA)-thermogravimertric analysis (TGA)/derivative thermogravimetry (DTG), IR- and FT-Raman spectroscopy, 
magnetic measurements, optical absorptions, variable temperature electron magnetic resonance (EMR), chemical 
analysis and density measurements. 

2. EXPERIMENTALS 

2.1 Sample Preparation 

In 10 g of tetraethoxysilane calculated amount of distill water and hydrochloric acid are added and stirred at ~ 60 
o
C  for 1 

h to convert it to silicon tetrachloride, SiCl4. To the above solution, 20 ml of 1- propanal and 2-butanol each are added, and 
stirred for 1 h. To the resulting solution, viz. 0.0004 (0.06 g), 0.001 (0.2 g),  0.002 (0.35 g), 0.003 ( 0.5 g), 0.004 (0.65 g) 
mol (or weight in g) of finely powdered of cobalt acetate, Co(CH3COO)2, and the corresponding moles of neodymium 
acetate, Nd(CH3COO)3, in accordance with 2:1 molar ratio are added to prepare the Co- and Nd-doped five samples S1-
S5, respectively. The resulting bulk solutions are stirred for 24 h. To the above solutions, then 20 ml of cyclohexane  and 
liquor ammonia are added while stirring till the emulsion is formed around pH ~ 7.0.  The resulting gel is decomposed by 
heating ~ 120 

0
C to fine powder, which is then sintered at 850 

0
C for 4 h, and quenched in air to obtain the Co- and Nd-

doped SiO2 nanosized powder. 

2.2 Experimantal Techniques 

Powder x-ray diffraction patterns of the samples are recorded at 300 K on a X‟pert (PAN Analytical) diffractometer using 
monochromatic Cu Kα radiation (λ ~ 1.54056 Å) in the range 20

o
-70

o
 in 2θ. The x-ray tube is operated at 25 mA/ 40 kV 

with 1000 Watts x-ray power.  The count rate is maintained at 1000 counts per second using a proportional counter. The 
differential thermal analysis (DTA)- thermogravimetric analysis (TGA)/ derivative thermogravimetric (DTG) data are 
collected in Mettler Toledo STARe System of module TGA/SDTA851e under static nitrogen atmosphere in the range 
range 27-700 °C. The IR spectra of the glasses are recorded at 300 K in the range 400-4000 cm

-1
 by a SHIMADZU FT-IR-

8700 spectrometer using “KBr pellet” technique [18]. FT-Raman spectra of the samples are recorded using an FT-IR/ FT- 
Raman Bruker IFS66V/FRA106 in the range 50-3500 cm

-1
. X-band EMR data are recorded at 6, 50 and at 300 K are 

recorded on a Varian E-122 spectrometer using an Air Products Helitran cryostat for low temperatures. The magnetic field 
is calibrated using with a Varian NMR Gauss meter and the microwave frequency is determined using an EIP frequency 
meter. Since a Gauss meter and frequency meter are used to record the EMR lineshapes in these cases, a g-standard is 
not necessary. The g-values can be computed directly from the spectra using the recorded value of the frequency and the 
resonance line position. X–band ESR spectral measurements at 77 K are done with a JEOL JES–TE 100 ESR 
spectrometer system with 100 kHz magnetic field modulation and a phase sensitive detector to obtain the first derivative 
signal. In order to measure the derivative EMR peak-to-peak linewidths variation as a function of composition in the 
samples, the lineshapes are recorded with sufficiently low microwave power to avoid saturation. The magnetic field 
calibration has been made with respect to the resonance line of DPPH (gDPPH = 2.00354) [19] at 77 K, which is used as a 
field „marker‟. The magnetic moments of the samples in emu at 300 K are measured using a vibrating sample 
magnetometer (VSM) (Model LAKESHORE - 7404 Series) in the cyclic magnetic field range ±10 kG. The optical 
absorption spectra are recorded on a Varian Spectrophotometer (Model Carry 5000) in the range 200-780 nm in the solid 
phase. Chemical analyses of the samples are done by wet chemistry method [20], and the densities are determined by 
liquid displacement method using n-dibuthylphthalate as the immersion liquid (density 1.043 g/cc at 300 K).  

3. RESULTS AND DISCUSSION 

3.1 Powder XRD and Thermal studies 

In Fig. 1 we show  the powder XRD patterns of the samples S1-S5.  The patterns show a broad peak at lower diffraction 
angles which vanishes at higher diffraction angles. This shows the amorphous nature of the samples due to the SiO2 
network.  In Table 1, we present the observed values of the densities and the chemical analyses results. A general trend 
of increase in the values of densities from 2.26 g/cm

3
 in S1 through 2.49 g/cm

3
 in S5 is observed with the increase in the 

concentrations of the Co
2+

 ions from S1 to S5. The DTA-TGA/DTG traces of S1-S5 in the range 27-700 °C show no 
significant phase transition as well as weight loss in the samples in the temperature range studied. 
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Fig. 1: Powder X-ray diffraction patterns of the samples S1-S5 of Co- and Nd-doped amorphous SiO2 at 300 K 

                         

Table 1. Observed values of the densities and the concentrations of the Co
+2

 and Nd
3+ 

ions and the calculated 
values of the magnetic susceptibility in the samples S1-S5 of Co- and Nd-doped amorphous SiO2 

Sample 

No. 

Density 

(g/cm
3
) 

No. of Co
2+

 

ions (per g) 

Magnetic 
susceptibility

χ (emu/gG)  

Conc. of 
(Nd

3+
+Co

2+
)i

ons (per g) 

Conc.of 
Nd

3+ 
ions 

(per g) 

S1 2.26 0.63 x 1020 
 2.52 x10-6

 0.90 x 1020
 0.27 x 1020

 

S2 2.29 0.75 x 1020
 6.22 x10-6

 1.10 x1020
 0.35 x 1020

 

S3 2.37 0.88 x 1020
 5.62 x10-6

 1.30 x 1020
 0.42 x 1020

 

S4 2.44 0.91 x 1020
 5.48 x10-6

 1.33 x 1020
 0.42 x 1020

 

S5 2.49 0.92 x 1020
 11.4 x10-6

 1.13  x 1020
 0.51 x 1020

 

 

3.2 Infrared and FT-Raman spectra studies 

In Figs. 2 and 3, we show the IR and FT-Raman spectra recorded at 300 K of S1-S5, respectively. The peaks up to 300 
cm

-1
 in the Raman spectra of the samples are ascribed to the lattice mode [21].  The very weak IR peak or shoulder in the 

range 412-418 cm
-1

 in S1-S5 is attributed to the asymmetric stretching of octahedral [NdO6/2]
3-

 units [22]. The IR peaks 
around 440 cm

-1
 in S1-S5 is due to ν2-symmetric bending mode [21] of the tetrahedral [SiO4/2]

4- 
units, and the strong IR 

peak ~ 470 cm
-1

 in S1-S5 is due to the ν4-asymmetric bending [21] of the tetrahedral [SiO4/2]
4- 

units. The Raman spectra of 
the samples also show peaks in the above ranges. The weak IR peak ~ 670 cm

-1
 is due to the ν1-mode [23] of the 

tetrahedral [CoO4/2]
4- 

units. The IR and Raman peaks ~ 800 cm
-1 

in S1-S5 are due to the ν1-symmetric stretch [21] and [24] 
as well as symmetric bending [18] of O-Si-O bonds of the tetrahedral [SiO4/2]

4- 
units. The very strong IR peak ~ 1100 cm

-1
 

is due to the ν3-asymmetric stretch [21] of the tetrahedral [SiO4/2]
4- 

units. The Raman spectra also show lines in the range 
900-1200 cm

-1 
due to the above mode. The weak shoulder ~1210 cm

-1
 is attributed to the asymmetric stretch [25] of O-Si-

O bonds of the tetrahedral [SiO4/2]
4- 

units. 
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Fig. 2 : IR spectra of S1-S5 of Co- and Nd-doped SiO2 at 300 K  

 

 

Fig. 3: FT-Raman spectra of S1-S5 of Co- and Nd-doped SiO2 at 300 K 

 

3.3 Magnetic Properties 

In Fig. 4 we show the plot of magnetic moment versus magnetic field of the sample S1 -S5 recorded at 300 K. The 
magnetization in the samples in the cyclic range ± 10 kG do not exhibit hysteresis loop, which indicates that the materials 
are not ferromagnetic at room temperature. From magnetic moment data, we calculate the values of magnetic 
susceptibility of S1-S5 which are shown in Table 1. The values of the magnetic susceptibility of the order of ~ 10

--6 
   

emu/Gg show  weak paramagnetic nature of the materials.  Using the Curie law, we calculate the approximate total 
concentrations of the paramagnetic ions (Nd

3+
+Co

2+
) ions per gram in the samples assuming g ~2.0. Subtracting the 

values of the concentration of the Co
2+

 ions per gram for each sample, obtained by chemical analysis , we obtain the 
concentration of the Nd

3+
 ions per gram in each sample, and the values are shown in Table 1. Absence of ferromagnetism 
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in the material is due to the low concentrations of the magnetic, viz. Co
2+

(3d
7
) and Nd

3+
(4f

3
) ions in the amorphous SiO2 

matrix, in which case the ions are fairly far apart. As a result, ferromagnetic domain formation by long-range spin 
alignment by d-f interaction through the bridging O 2p orbitals is  not feasible.  

 

Fig. 4:  Plots of the magnetic moment versus magnetic field of the samples S1-S5 of Co- and Nd-doped SiO2 

system at 300 K 

  

3.4 EPR Studies 

In Fig. 5(a)-(d), we present the EMR lineshapes of S1-S5 recorded at 6, 50, 77, and 300 K, respectively. The lineshapes 
are in general very broad and weak, characteristics of complex oxide materials due to very fast spin-lattice relaxation 
times.  The lineshape of sample S1 at 6 K only, exhibits two characteristic peaks with coreesponding g iso- values ~ 2.32 
and 2.01 (Table 2). The giso-value ~ 2.32 is due to the Co

2+
(3d

7
, S= 3/2, 

59
Co, I=7/2, natural abundance ~ 100 %,  λ~ -172 

cm
-1

) ions in tetrahedral coordination with 
4
A2g(

4
F) as the ground state [3], [4], and [5]. The peak corresponding to g iso -

value ~ 2.01 is attributed to the Nd
3+

(4f
3
) site [9] in distorted octahedral coordinations. The free ion of Nd

3+
 (4f

3
)  is having 

4
I9/2 ground state and spin orbit coupling constant, λ = 300 cm

-1 
[26].  In a crystal field, 

4
I9/2 splits up into five, Kramer‟s 

doublets, viz. 9/2, 7/2, 5/2, 3/2, 1/2. Only the lowest doublet is populated at 6 K. Therefore, the system can be described 
by a pseudo spin S=1/2. Nd has three even isotopes with I=0 and total natural abundances of 79.5%, and two isotopes 

143 

or 145
Nd (I=7/2) of natural abundances 12.2% and 8.3%, respectively [26]. Therefore, the EPR spectrum of Nd

3+
 is 

expected to be composed of an intense central line due to the even isotopes and a hyperfine pattern with two sets of 
2I+1=8 lines for the two odd isotopes  [9]. However, due to the very low concentrations as well as the low isotopic 
abundances the of the Nd

3+
(4f

3
) ions very poor EMR lineshpes are observed in the complex oxide matrices. The 

lineshapes further show that the peak corresponding to g iso-value ~ 2.32 is smeared out in samples S2-S5 at 6 K, and only 
the peak corrsponding to the g iso-value ~ 2.01 persists in S2 through S5 at 6 K. This could be due to the bigger ionic sizes 
of Nd

3+
(4f

3
) ions (Nd

3+
 ionic radius ~0.995 Ǻ, 6-coordination; Co

2+
 ionic radius ~ 0.65 Ǻ, 6-coordination) [27] which 

progrssively distorts the SiO2 matrrix with increasing concentrations. At higher temperatures, at 50, 77, and 300 K, both 
the peaks in the samples are highly smeard out due to the increasing lattice vibrational frequencies as well as the inverse 
relationship of the line intensity with temperature [28]. However, we calculate the approximate g iso-values of the sampples 
in which ever case it is possible and plausible, within the error limit, and show the values in Table 2. 
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Fig. 5: Observed EMR lineshpes of the samples S1-S5 of Co- and Nd-doped SiO2 system at (a) 6 K, (b) 50 K, (c) 77 

K and (d) 300 K 

 

Table 2. Observed giso-values of the samples S1-S5 of Co- and Nd-doped SiO2 system at 6, 50, 77 and 300 K 

Sample 

No. 

6 K 50 K 77 K  300 K 

giso-values giso-values giso-values giso-values 

S1 2.32 2.01 - 1.90 - 1.90 2.29 2.04 

S2 - 2.01 - 2.08 - 2.08 - 2.01 

S3 - 2.01 - 1.97 - 1.97 - 1.90 

S4 - 2.01 - 1.97 - 1.97 - 2.01 

S5 - 2.01 - 1.80 - 1.80 - 1.61 

 

3.5 Optical Absorption Studies 

In Fig. 6 we present the room temperature optical absorption spectra of samples S1-S5. The broad signal at ~750 nm 

(13262 cm
-1

) may be assigned due to transitions of  
 4

I 9/2  
4
F7/2 + 

4
S3/2 of optically active Nd

3+
 ions in sample [10], [11] 

and [12]. The trivalent Nd
3+ 

ion in solids state lose all 5d and 6s electrons. Since optically active 4f electrons are shielded 
by outer shell d electrons of Nd

3+
 ions, the samples are not strongly affected by neighboring ligands [11]. The peak ~ 520 

nm (19230 cm
-1

) is attributed to 
4
A2g  

4
T1g(P) transitions of Co

2+
 ions in weak tetrahedral field [28] which corresponds to a 

Dq value of ~ 400 cm
-1

 as reported by Ballhausen and Jørgensen [3]. The absorptions at lower wavelength are attributed 
to the charge-transfer bands. 
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Fig. 6: Optical absorption spectra of the samples S1-S5 of Co- and Nd-doped SiO2 system at 300 K 

 

4. Conclusion 

From our above studies, the following are our major conclusion. Powder XRD results show the formation of amorphous 
SiO2 in the samples. DTA-TGA/DTG traces show no phase change and weight loss in the samples in the range 27-700 ˚C. 
Room temperature IR results show the presence of octahedral [NdO6/2]

3-
 , and tetrahedral [CoO4/2]

4- 
and [SiO4/2]

4- 
units in 

the samples. Calculated values of the magnetic susceptibility form the magnetic moments data are found to be ~ 10
-6
 

emu/gG, which show weak paramagnetic nature of the materials. EMR lineshapes recorded at 6, 50, 77 and 300 K show  
almost smeared out broad and isotropic lineshapes. The only one detectable peak at giso-value ~ 2.3 is due to the 
Co

2+
(3d

7
) ions in tetrahedral coordinations, and the other at giso-value ~ 2.01 is due to the  Nd

3+
 (4f

3
)  ions in distorted 

octahedral coordinations. The above two peaks are distinct only at 6 K, whereas in higher temperatures these peaks are 

highly smeared out. The optical absorption band at ~750 nm (13262 cm
-1

) is assigned to 
4
I 9/2  

4
F7/2 + 

4
S3/2  transitions in 

optically active Nd
3+

(4f
3
) ions in octahedral coordinations. The peak ~520 nm (19230 cm

-1
) is attributed to 

4
A2g  

4
T1g(P) 

transitions in Co
2+

 (3d
7
)  ions in weak tetrahedral field. 
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