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The cobalt titanate, CoTiO3 nanoparticles have been prepared by calcinations of precursor obtained from a

mixture of TiO2 and Co(OH)2 in aqueous cetyltrimethylammonium bromide (CTAB) solution. The

nanoparticles were investigated with X-ray powder diffraction (XRD), transmission electron microscopy

(TEM), X-ray photoelectron spectroscopy (XPS) and thermogravimetric/differential thermal analysis (TGA/

DTA) to determine the crystallite size and the phase composition. The spectroscopic characterizations of these

nanoparticles were also done with UV-Vis spectroscopy and FT-Raman spectroscopy. XRD patterns show that

CoTiO3 phase was formed at calcinations temperature above 600 oC. UV-Vis absorption spectra indicate that

the CoTiO3 nanoparticles have significant red shift to the visible region (400-700 nm) with λmax = 500 nm

compared to pure TiO2 powder (λmax = 320 nm). The new absorption peaks (absorption at 696, 604, 520, 478,

456, 383, 336, 267, 238, 208 cm−1), which were not appeared in FT-Raman spectra of P-25, also confirm the

formation of Ti-O-Co bonds at above 600 oC and just not the mixtures of titanium dioxide with cobalt oxides.
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Introduction

The titanium dioxide (TiO2) powder (P-25), which is a

standard material in the field of photocatalytic reactions,

includes anatase and rutile phase. It has been widely

investigated since it can be used in many important fields

such as in the environmental photocatalytic degradation of

organic compound in waste water,1-4 and utilization of solar

energy.5-11 The effect of doping other transition metals is to

change the equilibrium concentration of electrons or holes. It

has been known that the advantage of the doping of the

metal ions in TiO2 is the temporary trapping of the photo-

generated charge carriers by the dopant and the inhibition of

their recombination during migration from inside of the

material to the surface or the enhanced association of the

functionalized organic pollutants to the doping ion surface

sites. The doping of transition metal ions may significantly

influence the optical properties of TiO2 photocatalyst, and

the light absorption band of M-TiO2 can be shifted into the

visible region.12-18 

Ilmenite-type mixed oxides, such as FeTiO3 (ilmenite) and

the iso-structural compound CoTiO3 can come from ABO3,

which is the corundum-type structure of A2O3 sesquioxides

when half of the A cations of a corundum-type sesquioxide

are substituted by a B cation. Obviously, A and B cations

can be both trivalent, or A divalent and B tetravalent (as in

ilmenite-type titanates), or, finally, A monovalent and B

pentavalent, respectively. There have been several papers on

the applications of TiO2-supported Co oxide investigated

previously owing to their potential industrial applications as

catalysts and catalyst supports in recent years,9,19,20 but the

synthesis and the characterization of ilmenite-type cobalt

titanate in micelle solutions have not been reported so far.

In the present work, we report the synthesis and charac-

terization of cobalt titanate, CoTiO3 nanoparticle produced

by commercial titania powder (P-25) support with transition

metal hydroxide in cetyltrimethylammonium bromide

(CTAB) micelle template, followed by calcination. Here the

CTAB has a role of microreactor for the suppression of

particle size and shape control. The morphology was studied

with TEM and the structure and physical properties of

nanoparticles were investigated by XRD, XPS, TGA/DTA,

UV-Vis and FT Raman spectroscopic techniques.

Experimental Section

Materials. Titanium dioxide powder P-25 is predominant-

ly anatase (70% anatase, 30% rutile), it was purchased from

Degussa Co. (Germany) and was used without any further

treatment. Cetyltrimethylammonium bromide (CTAB) and

cobalt nitrate hexahydrate (Co(NO3)2·6H2O) were purchased

from Aldrich Chemical Co. and were used as received.

House distilled de-ionized water was passed through a four-

cartridge Barnsted Nanopure II purification train consisting

of macropure treatment. 

Preparation of CoTiO3 nanoparticles. In a typical

synthesis, 0.01 mol Co(NO3)2·6H2O was dissolved into 30

ml distilled de-ionized water. After stirring for 30 minutes,

an aqueous solutions of 0.02 mol NaOH in 10 mL distilled

de-ionized water were added drop by drop with stirring,

which reacts to produce precipitation of Co(OH)2. Then 0.01

mol of P-25 powder was added to the above solution. An

aqueous micelle solution of CTAB (0.01 mol CTAB in 30

mL distilled de-ionized water) was added to the mixed

solution under magnetic stirring at 75 oC and the suspension

was refluxed for 12 hours at 75 oC. The supernatant was then
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decanted, and the solid residue was washed three times with

water. The as-synthesized solids were dried in air at 100 oC

for 12 hours, ground to fine powder and calcined in air at

400, 500, 600, 700, 750, 800 and 900 oC for 6 hours,

respectively.

Characterization. To investigate the phase composition

and the crystallite size distribution of the nanoparticles after

the calcinations, X-ray powder diffraction (XRD) measure-

ments were performed. XRD was recorded on a Philips

X’pert-MPD diffractometer in the 2θ range 20-80o using Cu

Ka radiation. The data were collected with a step of 0.02o

(2θ) at room temperature. The chemical identity of the

products was determined by comparing the experimental X-

ray powder patterns to standards compiled by the Joint

Committee on Powder Diffraction and Standards (JCPDS).

The crystallite size was calculated from the peak widths

using the Scherrer equation. 

Transmission electron microscopy (TEM) studies were

carried out with a JEOL JEM2010 transmission electron

microscopy. The samples for TEM were ultrasonically

dispersed in ethanol, and the suspension was deposited on a

400 mesh copper grid coated with a porous carbon film and

then allowed to dry in air. X-ray photoelectron spectroscopy

(XPS) studies were performed with a Vacuum Generators

XPS (VG-Scientific ESCALAB 250 spectrometer) with

monocromatized Al Kα X-ray source (1486.6 eV). The C1s

signal (285 eV) was taken as an internal standard to calculate

the binding energies (Eb). Thermogravimetric/differential

thermal analysis (TGA/DTA) experiments were performed

in air using a Perkin Elmer TGA7 Thermogravimetric Ana-

lyzer, from room temperature to 950 oC, with heating and

cooling rate of 10 oC min−1. UV-Vis absorption spectra were

obtained with a Varian Cary 1C UV-Visible spectrophoto-

meter in the region 200-900 nm. FT-Raman spectra were

recorded with a BRUKER (Germany) FRA-106/S spectro-

meter, using the 1064 nm excitation line of Nd-YAG Laser.

The data were collected by keeping the power at 50 mW,

100 scans and 4 cm−1 resolution.

Results and Discussion

Preparation of CoTiO3 nanoparticles. Cetyltrimethyl-

ammonium bromide (CTAB) cationic surfactant was used as

micellar template in water solutions. The concentration of

CTAB controls the crystallite size of Co(OH)2.
21 When the

calcination is done in air, some Co2+ ions present in Co(OH)2

can be readily oxidized to Co3+ ions.22,23 Those are the

mixtures of CoO, Co2O3 or Co3O4. The Co(OH)2 crystallites

was oxidized in air in the presence of surfactant cylindrical

micelle much more quickly than they do in the absence of

surfactant because the smaller Co(OH)2 particles react with

oxygen faster and more completely.21 The average oxidation

state of Co(OH)2 was changed from a majority of Co2+ to a

majority Co3+ by calcinations. The surfactant template was

removed and the CoTiO3 compounds must have been

produced from reaction of titanium dioxide and cobalt

oxides (CoO and Co3O4) during calcination process19,24 :

CoO + TiO2 → CoTiO3 (1)

Co3O4 + 3TiO2 → 3CoTiO3 + 0.5O2 (2)

XRD patterns. In order to analyze the crystal phases,

sizes and the formation temperature of CoTiO3, X-ray

diffraction (XRD) patterns were recorded. The obtained

XRD patterns of samples at different calcination temperature

are shown in Figure 1. All diffraction lines are well defined

and compared to JCPDS card No. 78-1970, 77-1373, which

indicate the presence of Co3O4 and CoTiO3 in the products,

respectively. The XRD peaks of powder calcined at 500 oC

are very different from those of the samples at higher

temperature 600, 700, 750 and 800 oC, which suggests that a

significant formation of CoTiO3 at above 600 oC from

reaction of TiO2 with Co3O4 according to the equation (2).

That is, above 600 oC most of the TiO2 and Co3O4 particles

react to form CoTiO3 compounds. The identified phases and

the crystallite sizes of products with respect to calcinations

temperature are shown in Table 1. The crystallite sizes of

Figure 1. XRD patterns of as-synthesized particles calcined at
various temperatures (a) 500 oC, (b) 600 oC, (c) 700 oC, (d) 750 oC,
(e) 800 oC. Peaks corresponding to CoTiO3, Co3O4, antase and
rutile phase are marked by *, −, + and 0, respectively.

Table 1. The phases and crystallite sizes of Co3O4, CoTiO3 phases
at different calcination temperatures

Calcination 

temperature (oC)
Phases

Crystallite size 

(nm)

500 Co3O4 Co3O4 (17)

anatase, rutile anatase (22)

600 CoTiO3 24

rutile

700 CoTiO3 38

rutile

750 CoTiO3 49

rutile

800 CoTiO3 62

rutile

900 CoTiO3 73

rutile
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anatase and Co3O4 were 22 and 17 nm at 500 oC; respec-

tively, which is agreement with those in P-25 (anatase, 20

nm) and in the Co/TiO2 results (Co3O4, 17.9 nm) reported by

Brik et al.19 It is shown that the crystallite sizes increase as

the calcination temperature increases, but they are kept into

the nanocrystalline range.

TEM studies. Transmission electron microscopic (TEM)

observation of typical samples indicates the nanocrystalline

nature of particles is almost spherical or slightly stretched.

This is well shown in Figure 2. Rather dark crystalline spots

can be observed beside less dark region. These dark spots

and less dark sports can be assumed to be the different

orientation of CoTiO3 nanocrytallites, respectively, because

the brightness and darkness of items in TEM image depends

on its orientation. The nanoparticles size is between 40-70

nm, these are agree with the result of XRD.

XPS results. The core levels of transition elements

present generally a main peak accompanied by an adjacent

satellite (shoulder) located at higher binding energy (Eb).

The complicated processes involved (shake-up peaks) are

often interpreted in terms of ligands → metal charge

transfers. In fact, in most cases, the spectral features allow

the identification of the elements, the determination of their

valence state and the concentration on a surface. The Co 2p

and Ti 2p XPS spectra of CoTiO3 at calcinations temperature

700 and 800 oC are shown in Figure 3(A) and (B),

respectively, and the binding energy are listed in Table 2.

The main signals of Co 2p3/2 and Co 2p1/2 doublet are

separated by 15.9 and 16.1 eV in the calcination temper-

atures of 700 oC and 800 oC, respectively. The binding

energy of Co 2p in pure CoO are as 7Eb (Co 2p3/2) = 780.0

eV and Eb (Co 2p1/2) = 795.9 eV, respectively.24 It can be

concluded that the binding energy for Co 2p in CoTiO3

shifted to lower energy compared with Co 2p in CoO and

shifted to lower energy with the calcinations temperature

increases. The slightly lower Co 2p binding energy might be

explained by weakening of covalent nature of Co-O bond

due to formation of Co-O-Ti bond. It also indicates a

shoulder peak (sh) at their high-energy side. Such signals

can only be observed with Co(+2) particles in the high spin

state. The diamagnetic low spin Co3+ ion does not show

shake-up structures. The Co binding energies in CoO are Eb

(Co 2p3/2) = 780.0 eV, Eb (Co 2p1/2) = 795.9 eV, and in Co3O4

are Eb (Co 2p3/2) = 780.2 eV, Eb (Co 2p1/2) = 795.5 eV.24

These are only slightly higher than those Eb in the CoTiO3.

Therefore the XPS spectra of Co 2p point to the formation of

Co-Ti-O bond.

It can also be find that the binding energy for Ti2p shifted

to lower energy with the calcinations temperature increases.

Figure 2. TEM images of CoTiO3 sample calcined at 750 oC.

Figure 3. XP spectra of Co 2p (A) and Ti 2p (B) in the CoTiO3

sample calcined at (a) 700 and (b) 800 oC.

Table 2. Binding energy of CoTiO3 at calcinations temperature 700
and 800 oC

calcinations 

temperature 

(oC)

Eb (eV)
ΔE 

(eV)

Eb (eV)
ΔE 

(eV)Co 2p3/2 Co 2p1/2 Ti 2p3/2 Ti 2p1/2

700 779.8 795.7 15.9 456.2 461.6 5.4

800 779.2 795.3 16.1 455.6 461.2 5.6
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The main signals of the Ti 2p3/2 and Ti 2p1/2 doublet are

separated by 5.4 and 5.6 eV in the calcinations temperatures

of 700 oC and 800 oC, respectively. While a main doublet

composed of two symmetric peaks situates at Eb (Ti 2p3/2) =

458.4 eV, Eb (Ti 2p1/2) = 464.0 eV in the spectrum of pure

TiO2
25. The binding energy of Ti 2p shifted to lower energy

indicates the formation of Co-Ti-O bond in our synthesized

particles at 700 and 800 oC.

Thermal analysis. Thermogravimetric and differential

thermal analysis (TGA/DTA) curves of as-synthesized

sample are shown in Figure 4. The DTA curve shows two

endothermic peaks at about 100 oC and 750 oC, and two

exothermic peaks at about 250 oC and 340 oC. The

simultaneously recorded TG curve shows a four step weight

losses, the endothermic peaks and the exothermic peaks are

associated to a weight loss. These can be interpreted in the

following way. The first weight loss below 150 oC is due to

the removal of water physically adsorbed on the as-

synthesized surface. The second weight loss between 150

and 380 oC is attributed to the decomposition of surfactant

CTAB that are trapped inside the matrix and also assigned to

the removal of chemisorbed water. A third step of a small

weight loss ranging from 380 to 700 oC may be due to the

further removal of CTAB. An additional weight loss occurs

in the range of 700-900 oC, this could be assigned to the

oxygen removal during the formation of CoTiO3 on the

support of TiO2 and Co3O4 just like the above equations

(2).19,24 DTA curve presented in Figure 4 shows a corre-

sponding exothermic peak at 250 and 340 oC. This supports

the CTAB decomposition. The endothermic peak at about

750 oC supports the formation of cobalt titanate CoTiO3.

UV-Visible spectra. UV-Vis spectra for as-synthesized

particles at different calcinations temperatures are shown in

Figure 5. The UV-vis spectra of as-synthesized powder at

lower temperature (400 and 500 oC) can be characterized by

an absorption band at the wavelength of 250-320 nm as

shown in Figure 5(a) and (b), these just like the absorbance

of pure P-25 powder.9,20 This indicates the as-synthesized

powder is just the mixture of P-25 and cobalt oxide not the

formation of cobalt titanate. The strong absorption in the UV

range is due to TiO2 powder inter-band transitions (valence

band → conduction band). The λmax appearing at 320 nm is

related to O2−
 → Ti4+ charge transfer transitions. The UV-vis

spectra of the as–synthesized compound at higher temper-

ature as shown in Figure 5(c) → (d) reveal a wide absorption

bands at the visible region wavelength of 400-700 nm, with

λmax at 410 nm (600 and 700 oC) and λmax at 500 nm (750

and 800 oC). These are already reported that it indicates the

formation of tetrahedral Co2+ species.26,27 The bands located

at 500-700 nm are associated with n2 absorptions that result

from the transitions 4A2(F) → 4T1(F) and 4A2(F) → 
4T1(P).

These transitions often split into three components because

of the degeneracy lift of the excited levels 4T1(P) and 4T1(F)

by spin-orbit coupling and the Jahn-Teller effect.26,27

Moreover in the wavelength of 400-500 nm, contribution of

octahedral Co2+ → Ti4+ inter-valence charge transfer can be

Figure 4. TGA/DTA curves of as-synthesized particles.

Figure 5. UV-Vis absorption spectra of as-synthesized particles at
different calcination temperatures (a) 400 oC, (b) 500 oC, (c) 600
oC, (d) 700 oC, (e) 750 oC and (f) 800 oC.

Figure 6. FT-Raman spectra of as-synthesized particles at different
calcination temperatures at (a) 400 oC, (b) 500 oC, (c) 600 oC, (d)
700 oC, (e) 750 oC, (f) 800 oC.
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involved.9

FT Raman spectroscopy. In recent years FT-Raman

spectroscopy has become an increasingly valuable tool for

the investigation of the supported catalysts.9,19,28,29 The

spectra of as-synthesized particles at different temperature

are comparatively shown in Figure 6. Titanium dioxide is

characterized by anatase (three bands at 397, 516 and 639

cm−1) and rutile (one band at 447 cm−1) according to the

literature.9,19,28 In the formation of CoTiO3 during the

calcinations at above 600 oC, these four bands disappear and

give rise to an extremely strong feature near 700 cm−1, which

is certainly due to a true vibrational peak. There is no

absorbance peak in the test range at lower temperature (400

and 500 oC), due to the as-synthesized compound mainly

contain TiO2 and Co3O4. 

According to the presence of a center of symmetry and the

“mutual exclusion rule”, Raman active bands are not

expected. In the case of the formation of CoTiO3 particles,

the center of symmetry is retained, so the mutual exclusion

principle is still valid. In this case there should be ten Raman

active modes (5 Ag + 5 Eg).30 Our results of ten Raman

active fundamentals (absorption at 696, 604, 520, 478, 456,

383, 336, 267, 238 208 cm−1) are consistent with the

theoretical analysis. The most typical feature is the strong

Raman mode observed near 700 cm−1 on CoTiO3. This mode

arises from the highest frequency vibrational mode of CoO6

octahedra that is the symmetric stretching mode (A1g

symmetry for regular Oh octahedral). The phonon modes

below 300 cm−1 are assigned to lattice vibrations.9,30 These

results also indicate the formation CoTiO3 at above 600 oC

and just not the mixture of TiO2 with cobalt oxide.

Conclusion

The nanoparticles of CoTiO3 were prepared by the

reaction of TiO2 powders (P-25) with transition metal

hydroxide in CTAB micelle solutions and followed by

calcination. The structural, chemical and light absorption

properties of these particles were studied with TEM, XRD,

XPS, TGA/DTA, UV-Vis and FT-Raman. XRD patterns

show that CoTiO3 phase was formed at calcination temper-

atures above 600 oC. The prepared cobalt titanate at

calcination temperatures above 600 oC show a significant

absorption band shift into the visible region of 400-700 nm

compared to pure of TiO2 powder. The new FT-Raman

absorption peaks at 696, 604, 520, 478, 456, 383, 336, 267,

238, 208 cm−1 for as–synthesized particles compared to P-25

also show the formation of Ti-O-Co bonds and just not the

mixtures of titanium dioxide with transition metals at

calcinations temperature above 600 oC. These materials are

going to be tested for photodegradation of organic com-

pounds in another work.
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