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Pure zirconium oxide (ZrO
2
) nanoparticles with diameters 10-25 nm were synthesized from 

ZrOCl
2
.8H

2
O and Zr(SO

4
)

2
.H

2
O with benzyl alcohol as non-aqueous solvent medium using sol-gel 

method. Sodium lauryl sulfate was added as surfactants to control the particle size. The synthesized 

ZrO
2
 nanoparticles have a mixture of tetragonal and monoclinic structure. The XRD showed the 

purity of obtained ZrO
2
 nanoparticles with tetragonal and monoclinic phase and the crystallite size 

for ZrOCl
2
.8H

2
O precursor was estimated to be 18.1 nm and that from Zr(SO

4
)

2
.H

2
O was 9.7 nm. 

The transmission electron microscopy and scanning electron microscopic studies also shows different 

sizes of nanoparticles and different morphology depending on the precursor used for the synthesis of 

ZrO
2
 nanoparticles.
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1. Introduction

Pure zirconia ZrO
2
 exhibits three polymorphs of 

monoclinic, tetragonal and cubic symmetries. The 

monoclinic phase is stable at room temperature and 

transforms to the tetragonal phase at 1170 °C during heating, 

while this phase transforms to the cubic one at 2370 °C1,2. 

Both transformations are reversible on cooling, although 

the t → m transition occurs at a lower temperature (about 

950 °C). This martensitic transformation, which has been 

extensively studied, is the basis of the “transformation 

toughening mechanism” exhibited by zirconia-based 

materials3. About 95% of ferrules used in optical fiber 

connectors are made of zirconia3. Zirconia has unique 

physical and chemical properties e.g. excellent thermal and 

chemical stability, high strength and fracture toughness, 

low thermal conductivity, high corrosion resistance. Both 

acidic and basic properties of zirconia have been widely 

used in the fields of structural materials, thermal barrier 

coatings, oxygen sensors, fuel cells, catalysts and catalytic 

supports, a possible high dielectric constant material for 

large scale integrated circuits, and as a gate dielectric in 

metal oxide-semiconductor (MOS) devices4-6.Ultrafine 

zirconia particles have been synthesized via various methods 

such as sol-gel processing7-9, chemical vapor synthesis10, 

precipitation from inorganic salt solutions11,12, microwave 

plasma synthesis13, inert gas condensation14, combustion 

synthesis15, ultrasonically assisted hydrothermal synthesis16 

and laser ablation17. In this study we report the synthesis of 

zirconia nanoparticles synthesized by sol-gel technique in 

non aqueous medium.

2. Material and Methods

To 1 mmol ZrOCl
2
.8H

2
O or Zr(SO

4
)

2
.H

2
O, 2 mmol 

of benzyl alcohol was added drop-wise, to form a gel. 

This was followed by the addition of 2 mmol of sodium 

lauryl sulfate with constant stirring. The product was 

dried at a temperature of 200 °C for 5 hours and calcined 

at temperature 600 °C for 5 hours; (Figure 7) shows the 

method of preparation of ZrO
2
 nanparticles. The samples 

synthesized were characterized by X-ray powder diffraction 

(XRD) using (Altima IV Rigaku, X-ray diffractometer and 

CuKα as X-ray source) transmission electron microscopy 

was done on (JEN2100F, JEOL, TEM) and scanning electron 

microscopic studies were carried out on (NNL 200, FEI, 

SEM) and Perkin-Elmer 1000 FT-IR spectrophotometer.

3. Results and Discussion

3.1. FT-IR spectra

The FT-IR spectra of all the samples were similar. 

The IR spectrum of typical samples, show a strong 

broad absorption centered around 3413 cm–1, three sharp 

absorption bands at about 1630, 1352, and 1044 cm–1, and 

two weak absorption bands at 580 and 454 cm–1. The bands 

at about 508 and 493 cm–1 correspond to Zr–O vibration of 

tetragonal structure18.The absorption band located around 
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3413 cm–1 is associated with the O–H stretching vibration 

of adsorbed water and hydroxyl group, while the absorption 

band at 1630 cm–1 is due to the bending mode of associated 

water19. The observation of a strong broad absorption at 

3400 and sharp absorption band at 1044 cm–1 implied 

that the hydrated molecules could be in several different 

energetically bonding states.

3.2. X-ray diffraction patterns

The XRD patterns of the ZrO
2
 samples calcined at 

600 °C for 5 hours for both precursors ZrOCl
2
.8H

2
O and 

Zr(SO
4
)

2
.H

2
O were similar. The XRD pattern obtained from 

ZrOCl
2
.8H

2
O and Zr(SO

4
)

2
.H

2
O are shown in Figures 1, 2. 

Pure ZrO
2
 shows both monoclinic (θ = 27 and 31.1°) and 

tetragonal (θ = 30°, 34.9, 50 and 60°) phase. Scherer 

equation was used to calculate the crystallite sizes for the 

ZrO
2
 samples and the crystallite size for ZrOCl

2
.8H

2
O 

precursor was estimated to be 18.1 nm and that from 

Zr(SO
4
)

2
. H

2
O was 9.7 nm. It should be noted that the 

precursor has a significant effect on the resulting ZrO
2
 

crystallite size.

3.3. TEM, SEM and AFM image

The particle composition was also studied by TEM and 

SEM and the images are shown in Figures 3-6. Figure 3 

shows TEM image of zirconia nanoparticles synthesized by 

sol-gel method using ZrOCl
2
.8H

2
O, The estimated diameters 

of nanoparticles were found to be 25 nm. It could be seen 

that the particles has two distinct shapes. One is rod-shaped 

or nanotubes which are long narrow and appear closed at 

both ends and the other are much smaller and clustered in 

a flower shape. Probably these small clusters grow to give 

the nanotubes observed in the TEM image.

Figure 4 shows TEM image of zirconia nanoparticles 

synthesized by sol-gel method using Zr(SO
4
)

2
. H

2
O, it could 

be seen that the particles are uniform and spherical and the 

average particle size calculated was about 10 nm. There is 

slight difference in the size of particles obtained from TEM 

compared to the crystallite size obtained by XRD. This can 

be attributed to differences of accuracy of measurements 

of the two different techniques coupled with the fact that 

the particles obtained from ZrOCl
2
.8H

2
O precursor are of 

two different types and the size difference between these 

particles is fairly significant. The XRD pattern cannot 

see these minor differences that can be observed by TEM 

technique.

Figure 5, shows the SEM image of ZrO
2
 obtained 

from ZrOCl
2
.8H

2
O precursor and it appears to have a very 

ill-defined shape. The image appears to show particles like 

a broken rib cage. Due to this ill-defined morphology, it is 

possible that the SEM does not give a clear idea of formation 

of nanoparticles in this case. However, the morphology for 

the ZrO
2
 obtained from Zr(SO

4
)

2
.H

2
O precursor is very 

different. Figure 6, shows the SEM image of ZrO
2 
obtained 

Figure 1. XRD of zirconia nanoparticles synthesized by sol-gel 

method using ZrOCl
2
.8H

2
O as precursor.

Figure 2. XRD of zirconia nanoparticles synthesized by sol-gel 

method using Zr(SO
4
)

2
.H

2
O as precursor.

Figure 3. TEM image of zirconia nanoparticles synthesized by 

sol-gel method using ZrOCl
2
.8H

2
O as precursor.

Figure 4. TEM image of zirconia nanoparticles synthesized by 

sol-gel method using Zr(SO
4
)

2
.H

2
O as precursor.
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from the sulfate precursor. It appears to be similar to coral 

shape.

Figure 7 represents the method of preparation of ZrO
2
 

nanoparticles from two different precursors, which are 

chloride and sulphate. The method of preparation is identical 

in both the cases. However it is interesting to note that 

their morphology and nanoparticle size are very different, 

clearly indicating the role of precursors in the synthesis of 

nanoparticles.

4. Conclusions

Pure zirconium oxide nanoparticles were successfully 

prepared by sol-gel method. This is a new method used in the 

synthesis of zirconia nanopatricles in non-aqueous medium. 

The results clearly indicate that the morphology and size 

Figure 5. SEM image of zirconia nanoparticles synthesized by 

sol-gel method ZrOCl
2
.8H

2
O as precursor.

Figure 6. SEM image of zirconia nanoparticles synthesized by 

sol-gel method using Zr(SO
4
)

2
.H

2
O as precursor (non-aqueous 

medium).

Figure 7. Reaction scheme for preparation of ZrO
2
 nanoparticles.

of ZrO
2
 nanoparticles is highly dependent on the precursor 

used. XRD analysis indicated that the nanoparticles closely 

resembled and had the tetragonal and monoclinic zirconia 

nanocrystals. The crystallite size for ZrOCl
2
 precursor 

was estimated to be 18.1 nm and that from Zr(SO
4
)

2
.H

2
O 

was 9.7 nm. The TEM results show very different size and 

shapes for the nanoparticles obtained from the two different 

precursors.
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