:é’ ASIAN JOURNAL
OF C

Asian Journal of Chemistry; Vol. 25, No. 13 (2013), 7118-7124

AsIAN JOURNAL OF CHEMISTRY

http://dx.doi.org/10.14233/ajchem.2013.14458

. t .
42 ouma of cremiS

Sih s ¥
" Anniversary Issue

Edorn-Chief
DR. R. K. AGARWAL

Photophysical and Photochemical Properties of Nanosized Cobalt-Doped TiO, Photocatalyst

PaLLaBt Goswami, Rajis KuMaAR DEBNATH and JATINDRA NATH GANGULI"
Department of Chemistry, Gauhati University, Gauhati-781 014, India

*Corresponding author: Fax: +91 361 2700311; E-mail: jatin_ganguli_gu@yahoo.co.in

(Received: 20 August 2012; Accepted: 14 June 2013) AJC-13654

Cobalt-doped TiO, nanoparticles were prepared by the sol-gel and hydrothermal synthesis methods by using a stable precursor potassium
titanium oxalate as Ti source and Co(NOs),-6H,O was used for doping titania. Physicochemical properties of the samples were characterized
by XRD, FTIR, RAMAN spectroscopy, DRS, EPR, efc. EDX confirmed the presence of cobalt. DRS and TEM revealed that doping has

activity of the samples was evaluated by photodecomposition of the dye sunset yellow.

| taken place. The calcined materials contained cobalt in (II) state and were found to be room temperature ferromagnetic. The photocatalytic |
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INTRODUCTION

In 2001, Matsumoto and his coworkers' discovered room
temperature ferromagnetism (RTF) in Co-doped TiO, films.
That marked the beginning of intense studies on the physical
properties of dilute magnetic semiconductors (DMS) for
potential applications in optoelectronics, magnetoelectronics,
spintronics and microwave devices. It had been a major
challenge to induce room temperature ferromagnetism in semi-
conducting oxides like TiO,. A number of studies have reported
on high temperature ferromagnetism in oxide semiconductors
such as TiO,, ZnO and SnO, with TM doping (TM = Co, Ni,
Cr, Mn, V and Fe)*”. It has been found that the magnetic
properties of cobalt doped titania heavily depend upon the
methods and the conditions of sample preparation'®'?, There
is a debate regarding the origin of room temperature ferro-
magnetism. There are number of reports which showed that
room temperature ferromagnetism is intrinsic in nature, others
claimed that it might be extrinsic, that is due to the existence
of isolated metallic clusters of the doping element. If the
samples are prepared at high vacuum or in reducing atmosphere
there is a chance that in these cases the observed room tempe-
rature ferromagnetism might be arising from metallic cobalt.

Environmental concerns as well as the increasing signifi-
cance of "green chemistry" synthetic strategies require utili-
zation of new non-toxic precursors compatible with neutral
water as a processing solvent. To achieve this object for
transition-metal ions in their highest oxidation state such as
titanium, niobium and tantalum was especially difficult
due to the high susceptibility of these cations to hydrolysis.
Substances which were most commonly used as precursor for

Ti are titanium tetrachloride, titanium isopropoxide, titanium
sulphate, titanium tetrabutoxide, efc. But unfortunately, most
of the precursors of Ti were found to have some limitations.
‘We have used a water soluble precursor for Ti namely potassium
titanyl oxalate which is extremely stable, non-corrosive, not
eco-toxic. It is not hazardous according to Directive 67/548/
EC. Hazardous decomposition products are only titanium/
titanium oxides. With the precursor potassium titanium oxalate
both the control of the nanostructure and increase in spectral
sensitivity can be achieved. Potassium titanium oxalate
dihydrate is soluble in water. The aqueous solution produces
a precipitate when treated with ammonia. The novelty of the
precursor and the reported process can be summarized as
follows- (i) Water is used as a processing solvent which is less
costly, environment friendly and can be regarded as a green
solvent. (ii) A "gel"-like matter rather than a simple precipitate
is formed. (iii) A chelate-type ligand is used as a stabilizer for
the constituent metal ions. (iv) The precursor material, obtained
after a thermal decomposition of the "gel"-like matter, is found
to be amorphous from XRD analysis, ensuring in most cases
the compositional homogeneity of the target oxide material.
In this paper we report the preparation of cobalt doped
titania from a novel precursor potassium titanyl oxalate. The
photocalytic activity of as synthesized and calcined cobalt
doped titania was studied by photodegradation of sunset yellow
dye in aqueous media. The activities of synthesized samples
were compared with undoped as well as commercial titania.
The correlation of the catalytic performance to the structural
properties and the promoting effect of the Co-modifications
were discussed briefly based on systematic characterizations.
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EXPERIMENTAL

Photocatalyst preparation: Preparation of Co-doped
TiO, from cobalt nitrate hexahydrate and potassium titanyl
oxalate [KleO(CzO4)22H20] KleO(C204)22H20 was
dissolved in 125 mL distilled water and hydrolyzed by slow
addition of NH,OH solution under constant stirring at room
temperature, in a Teflon beaker, until the reaction mixture had
attained a pH of 7.5. The precipitate was further dispersed in
250 mL of hot distilled water and peptized by the addition of
10 % HNO; solution. Required amount of Co(NOs),-6H,O was
added to the solution, which immediately oxidized to Co(III)
ions. The solution was then added into surfactant triblock
copolymer poly(ethylene glycol)-block -poly(propylene glycol)
-block poly(ethylene glycol) EO»PO»,EO, solution under
stirring. The molar ratio of K,;TiO(C,04),:2H,0: Co(NOs),:
surfactant P123:H,0 is 0.9:0.1:0.12:100. After stirring the
mixture for 0.5 h, the resulting mixture was aged at room
temperature for 12 h and then transferred into a Teflon lined
stainless steel autoclave at 373 K for hydrothermal treatment.
After 72 h, the resulting mixture was cooled to room tempe-
rature, separated by centrifugation, washed with water and
ethanol and then dried at 393 K overnight. The organic materials
were removed by stirring the titania powders with a water and
ethanol solution (molar ratio 1:1) of 0.4 g NaCl at 313 K for
5 h. The resultant solids were washed with water and ethanol
and then dried at 393 K overnight. The as-synthesized sample
was divided into two parts. One part was calcined in air at
873 K for 6 h with a heating rate of 2 degree/min and the
other part is labelled as-synthesized sample. For the purpose
of comparison, undoped TiO, was prepared by the same
method without the use of cobalt nitrate hexahydrate.

Photocatalytic reactions: Sunset yellow, an anionic dye,
was selected as the target compound for the photo activity of
cobalt doped titania under UV light. An immersion well
photochemical reactor (HEBER) made of Pyrex glass was used
in this study. Aqueous dispersion of the catalyst was prepared
by addition of a given weight (0.2 g) of catalyst to ca. 50 mL
of aqueous solution of the dye (10° M) and sonicated in a
sonicator for 5 min. The dispersion is then put in to the Pyrex
vessel of the photoreactor along with an additional amount of
dye solution (10 M) just enough to fill the vessel. Prior to the
illumination, the solutions were purged with air for 15 min to
ensure the equilibrium among the catalysts, sunset yellow and
oxygen. The dispersions were kept under constant air bubbling
with the help of air pump during irradiation. The zero time
reading was obtained from blank solution kept in the dark but
otherwise treated similarly to the irradiated solution. Irradia-
tions were carried out using a 25 W, 254 nm medium pressure
mercury lamp. IR radiation and short wavelength UV radiation
were eliminated by a water circulating Pyrex glass jacket.
Samples (10 mL) were collected before and at regular intervals
during the irradiation for analysis. The degradation of sunset
yellow was monitored by measuring the absorbance on a
Shimadzu spectrophotometer at 482 nm. Photocatalytic
degradation of sunset yellow is a pseudo-first order reaction
and its kinetics according to Langmuir-Hinshelwood kinetic
model can be expressed as follows: In (Cy/C,) = kt, where C,

and C; are the initial concentration and the reaction concen-
tration of the dye after time t, respectively.

RESULTS AND DISCUSSION

The XRD patterns of the as synthesized and calcined
catalysts are shown in Fig. 1 and compared with the XRD
pattern of pure anatase phase (JCPDS No. 84-1286) and pure
brookite phase (JCPDS No-29-1360).
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Fig. 1. XRD of calcined Co-doped (1), as synthesized Co-doped (2) and
calcined undoped titania (3)

Potassium titanyl oxalate crystal structures as had been
reported were solved by analyzing single-crystal X-ray diff-
raction data”. The structure contains tetranuclear anions of
chemical composition [TiO(0X),]s*, which form eight-
membered rings of four Ti and four O atoms (u-oxo bridging
groups). Each Ti atom is coordinated by two oxalate ions, each
forming a five-membered chelate ring. As a result, each Ti
atom has a distorted octahedral environment. In the as synthe-
sized cobalt doped nanomaterials cobalt(IIl) ions may be in
octahedral environment replacing Ti(IV) ions in titania
matrix. The XRD of cobalt doped titania contained anatase
and brookite phases of titania while the undoped titania
contained only anatase phase. It has been reported that the
XRD peaks at 20 values of 36.8 and 60° can be attributed to
different crystal planes of cobalt oxides and the peaks corres-
ponding to cobalt metal should appear at 20 values of 43.8
and 51.5°". Absence of these peaks indicates that probably
some Co(III) ions replaced Ti(IV) ions in the crystal frame-
work of TiO,. Average crystal sizes calculated from the broad-
ening of the (101) peak of anatase phase were ca. 8.9 nm for
as synthesized cobalt doped titania, while for undoped calcined
TiO,, it is ca. 14.5 nm and for calcined cobalt doped titania it
was 13.1 nm. The average crystal sizes increased after calci-
nations because of the growth of the quantum sized grains'.
It was reported that polymorphous transformation occurs at a
wide range of temperatures 673-1373 K, though normally it
takes place at ca. 1073-1123 K. XRD of the products reveals
that no such transforamation to rutile phase took place when
calcined upto 873 K.

The surface morphology of as synthesized cobalt doped
photocatalyst was studied by scanning electron microscopy
and the micrograph is presented in Fig. 2. SEM image showed
that as synthesized samples consisted of uniform spherical
structure. EDX (Fig. 3) analysis of Co-doped titania samples
showed the presence of Co in the mesostructure.
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Fig. 2. SEM of as synthesized cobalt doped titania

Element Weight (%) Atomic (%)
CK 23.17 34.68
OK 48.80 54.85

TiK 27.20 23.21
CoK 0.83 0.25
Totaks 100.0

Fig. 3. EDX of calcined cobalt doped titania

Figs. 4 and 5 display the HRTEM images of the calcined
cobalt doped titania sample. As shown in Fig. 4, cobalt doped
titania exhibits uniform spherical particles. It seems from Fig. 5
that well-crystallized anatase of ca. 10 nm in size is dispersed
in an amorphous Co-containing titania nanoparticles and the
figure clearly displayed well-resolved crystal lattice. Crystal
boundaries of well crystallized anatase were clearly evident
in high magnification TEM image.

Fig. 4. TEM of calcined cobalt doped titania

The thermal behaviour of as synthesized cobalt doped
sample was investigated with TG at temperatures ranging from
room temperature to 973K (Fig. 6). The first weight loss at
373-623 K was the dehydration and loss of residual organic
materials from the surfaces of the powdered materials. As
thermal treatment increases, the remaining water, strongly
bonded inside the pores of the particles, can be eliminated
thus giving the second weight loss effect at 423 K for P1. In
fact, according to findings by Bickley et al.' the loss of
adsorbed molecular water in the range 373-573 K appears to
be related to the development of porosity.

Fig. 5. HRTEM of calcined cobalt doped titania
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Fig. 6. Thermogravimetric analysis of cobalt doped titania

We have used UV-visible/DRS to study the state of Co in
the prepared catalyst. In order to estimate the band energy
gap of oxides, we have used the Kubelka-Munk function'’.
The position of the absorption edge can then be determined
by extrapolating the linear part of the rising curve to zero. The
diffuse reflectance UV-visible spectra of the as synthesized
cobalt doped titania, calcined cobalt doped and undoped
titania samples are reported in Figs. 7-10. All the samples have
in common an intense UV absorption band with a maximum
in the range 220-320 nm due to charge transfer from oxygen
to titanium(IV)"*. The position of this band is affected by
the coordination geometry around the titanium atom and by
the presence of adsorbents. More precisely, the bands in the
region 210-240 nm are attributed to charge transfer from oxygen
to tetrahedral Ti(TV)*', whereas the bands at higher wavelength
(A > 240 nm) are due to octahedral Ti(IV) sites>*. The as
synthesized cobalt doped titania (Fig. 7) had intense UV
absorption band at higher wavelength (A > 240 nm) with most
of the Ti(IV) ions in the octahedral environment. The calcined
cobalt doped titania had mostly Ti(IV) in tetrahedral state as
was evidenced from UV peak below 240 nm (Fig. 10)*'. It
was anticipated that large differences in optical properties
would be required in order to cause changes in photocatalytic
behaviour. As expected pure TiO, crystals did not show any
abrupt variation in the 400 nm range (Fig. 4C.10). The doped
samples had comparatively distinct maxima and sharp bands
(intense absorption) in the same region. The optical absor-
ption edge (visible region) of the crystals shifted slightly to
higher wavelength in doped samples. For undoped titania T
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Fig. 7-10. Diffuse reflectance spectra of synthesized samples

the band gap value is ca. 3.12 eV which is the recognized
band gap of anatase titania. The UV-visible diffuse reflectance
measurements showed that doping Co to titania produces a
pronounced red shift in the onset of the optical absorption
edge of TiO, samples in the visible region (Fig. 10). In addition
to the charge-transfer bands due to Ti, appearing in the UV
region, the visible spectra of these catalysts exhibit bands in
the 500-750 nm regions, which are associated with Co
species®™*, In the case of as synthesized samples, cobalt was
in octahedral environment (light pink colour) and was in (III)
oxidation state with a d° electronic configuration. Only one
weak d-d transition is observed at ca. 495 nm (Fig. 7) which
is the 'Ty, < 'Aj, transition of cobalt(III) ion.

In the calcined cobalt doped titania three transitions were
obtained (Fig. 8) at 587, 627 and 856 nm indicating “A, < *T|
and “Ty(P) < *T\(F) transitions of cobalt(I)*. These reflec-
tance spectra obtained for the calcined samples indicates that
tetrahedral Co(II) was present in all calcined cobalt doped
titania (dark bluish green colour). The band gap values calcu-
lated were ca. 3.12 eV for undoped titania, ca. 2.95 eV for as
synthesized cobalt doped titania and for the dark bluish green
calcined cobalt doped sample sample was ca. 2.29 eV.

Magnetic properties of the synthesized nanoparticles were
measured at 300 K and the results are presented in Fig. 11. It
is found from Fig. 11 that the calcined Co-doped titanate
nanoparticles exhibit an evident hysteresis loops at 300 K,
indicating ferromagnetic properties although the cobalt
concentration in the calcined samples were very low. Calcined
cobalt doped titania with cobalt(Il) in tetrahedral state is
ferromagnetic at room temperature whereas the as synthesized
cobalt doped titania with cobalt in (III) state were diamagnetic
in nature as was confirmed from magnetic studies. As no
metallic Co and other ferromagnetic phases were detected by
the various characterization techniques employed in this work,
it is thus plausible to conclude that the ferromagnetism is
intrinsic in the samples. It was reported that oxygen vacancies
near Co(II) sites in Co-doped TiO» had an important contri-
bution to the ferromagnetism®. Coey et al.*® proposed that
oxygen vacancies induced the ferromagnetic coupling through
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Fig. 11. Magnetic behaviour of as synthesized and calcined cobalt doped
titania

a F-center exchange mechanism. Several features like band
gap narrowing, shifting and broadening of some of the Raman
modes strongly support the incorporation of Co into the TiO,
lattice. Therefore, ferromagnetism is expected to arise from
the intrinsic exchange interaction of magnetic moments
mediated by defects in doped nanoparticles.

To further confirm the existence of oxygen vacancies, EPR
spectra of the calcined Co-doped titania as inserted in Fig. 11
of calcined cobalt doped titania. It is shown that calcined
sample had the sharp symmetric EPR peak. The EPR signal
with g =2.00 was reported and referred to as a single-electron
trapped oxygen vacancy of TiO,”. Absence of the asymmetric
EPR signal with g = 1.97-1.98 indicates absence of surface
defects”. It implies that bulk oxygen vacancies rather than
surface defects have more responsibility for the appearance
of EPR signals in calcined Co-doped titania.

The surface characteristics of synthesized samples,
including specific surface area, were determined from nitrogen
physisorption (Table-1). The specific surface area of calcined
sample showed a decrease when compared with the as synthe-
sized TiO, particles, which have a surface area of ca. 53 m* g”'.
The implantation of metallic dopants results in a slight
increase in the surface area of the cobalt doped samples. Block
copolymer used in the synthesis generally results in high
surface area but on calcination due to breakage of mesostructure
there is decrease in surface area.
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TABLE-1
PHYSICAL PROPERTIES OF VARIOUS SYNTHESIZED PHOTOCATALYSTS

Photocatalyst 20 hkl Crystalline size nm  BET surface area (m”/g) ~ Band gap (eV)
As synthesized Co-titania ~ 25.7°, 38.26°, 48.40° (101), (004), (200) 8.9 53 2.95
Calcined Co-Titania 25.75°,38.35°,48.55°  (101), (004), (200) 13.1 46 2.29
Undoped titania 25.84°,38.35° 48.58°  (101), (004), (200) 14.5 36 3.14
JCPDS 84-1286 25°, 38°, 48° (101), (004), (200) - - -

In the Raman spectra (Fig. 12) of both pure and cobalt
doped calcined samples the dominant modes can be assigned
to the Raman active modes of the anatase crystal® ca. 143
(Eg(l)), 197 (Egz), 399 (B1g(1)), 519 (A]g, B]g(z)) and 639 Cm-] (Eg
®). The small difference in the positions of these peaks
reflects the difference in the vibrational motions, possibly due
to the structural difference because of the possible lattice
distortion brought by the Co dopants and/ or oxygen vacancies.
The Raman peaks at 398 and 515 cm™ clearly show that the
samples are in the anatase phase. Within an experimental
accuracy of a few wave numbers, there is no discernable shift
of the Raman peaks with Co-doping. However, for the
Co-doped samples, the Raman peaks broadened. This may be
an indication of limited Co solubility resulting in a disorder of
the crystal structure. The widths of these peaks for the TiO,
increased in the order cobalt doped undoped titania. This
suggested that the size of these TiO, decreased in the order of
undoped titania < cobalt doped, since the width of the peak
results from the finite lifetime of the vibrational modes in the
small size particles and is inversely proportional to the size of
the particle and may be also possibly related to the dopants'
influence on the lattice distortion.

25000

200004 Calcined cobalt doped titania
> 15000 4
@
j
k3
£ 10000+

A 639
5000 k 519
o Undoped titania

260 4(')0 6(')0 8(50
Wavenumber (cm™)

Fig. 12. Raman spectra of calcined cobalt doped and undoped titania

Environmental contamination and serious hazards through
misuse of a variety of dyes has attracted global attention. Sunset
yellow is a water soluble monoazo dye, has been used since
1929 to impart a reddish-yellow colour to various carbonated
beverages, candies, jams, pickles efc. Oral provocation tests
have indicated that sunset yellow can provoke various symp-
toms, principally skin complaints and asthmatic reactions, in
a small percentage of those exposed. Recently many efforts
have been devoted to the solution of increasingly serious
environmental problems due to misuse of different dye stuff.
Photocatalytic degradation of dyes is most widely accepted
process now-a-days. So photodegradation of sunset yellow was

used as a probe reaction to test the photocatalytic activity of
prepared Co-doped catalysts. The photocatalytic degradation
of the dye over the calcined undoped and cobalt doped as well
as, as synthesized titania was measured in identical conditions
for comparison. The photocatalytic activity of all catalysts was
evaluated by measuring the absorbance (A,) of sunset yellow
UV-visible spectrum at 482 nm during every 10 min interval.
With the assumption that Beer's law was obeyed, the graph of
AJA, against t (where A is the intensity of dye peak at 482
nm after stirring in the dark for 15 min) is equivalent to the
graph of C/C, against t and the latter was plotted. Fig. 13
showed the relationship between the degradation time and the
concentration of sunset yellow during the progress of photo-
catalytic degradation. Fig. 13 showed that the concentration
of dye decreased almost linearly and, finally, the dye solution
was almost 60 % decomposed. After stirring in the dark for 15
min, the concentrations of sunset yellow in the suspension
with catalyst samples decreased sharply to ca. 1 % of the original
concentration, which means that some amount of the dye was
adsorbed on the TiO, powders before the start of photocatalytic
degradation, whereas ca. 2 % of the dye was adsorbed by as
synthesized cobalt doped titania, respectively. The surface of
all of the Co-doped TiO, powders was coated in orange as a
result of the adsorption of dye. With the progress of photo-
catalytic degradation, the colour of the powders was gradually
changed to yellowish and to dirty white, which indicates that
the adsorbed dye was degraded.
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by |
0.9 _::."""\l-...__
TSN el " E—ng
0.8 '\'-"V\:\
S \'\A\ %)
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3 0.7 \' A\_‘\
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Time (min)

Fig. 13. Photocatalytic decomposition of (a) sunset yellow alone (b) with
commercial titania (c) with calcined undoped titania (d) with
calcined cobalt doped titania (e) with as synthesized cobalt doped
titania

Fig. 14 shows the absorption spectra of the aqueous solution
of sunset yellow during the process of photodegradation. From
this point of view, the photocatalytic degradation of the solution
of sunset yellow has two steps i.e., adsorption and degradation.
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Fig. 14. Decomposition of sunset yellow with calcined cobalt doped titania

At the first stage, the nanocrystalline TiO, powders would
adsorb the dye molecules due to the higher surface energy,
which causes the decrease of the dye concentration before the
start of photodegradation then, the dye will be decomposed
gradually after being illuminated with UV light irradiation.
All of the synthesized Co-doped TiO, powders exhibited good
photocatalytic activities when decomposing dye solution
under UV light irradiation but the as synthesized cobalt doped
titania exhibited the maximum photocatalytic activity compared
to calcined cobalt doped and undoped titania.

Theoretically, the rate of photocatalysis is determined by
several factors one of which is the competitive rate of recom-
bination of photogenerated electron-hole pairs within a semi-
conductor. The presence of surface state at energies inside the
band gap region can either decrease or increase the lifetime of
electrons and holes depending upon whether these energy
levels function as efficient recombination centers or as surface
traps which prolong the life of holes and electrons. Co is well
known as good electron conductor. The existence of cobalt on
the TiO, matrix will help the electron transferring and there-
fore reduce the possibility of recombination of photogenerated
electronhole pairs, which consequently results in higher photo-
catalytic activity than that of TiO, only catalyst. The increase
in photoactivity of synthesized Co-doped photocatalysts must
be due to interaction between Co(II/IIl) and Ti(IV) ions in
titania. That led to several modifications in physical properties
such as band gap, thermal stability, particle size and magnetic
properties efc. The principle of the semiconductor photo-
catalytic reaction is straightforward. Upon absorption of
photons with energy larger than the band gap of TiO,, electrons
are excited from the valence band to the conduction band,
creating electron-hole pairs. These charge carriers migrate to
the surface and react with the chemicals adsorbed on the surface
to decompose these chemicals. This photodecomposition
process usually involves one or more radicals or intermediate
species such as "OH, O,", H,O, or O,, which play important
roles in the photocatalytic reaction mechanisms. When UV
light photon excites an electron from the ground state to the
excited state of the undoped titania, then the excited electron
is transferred into the conduction band of TiO,. The conduction
band electron is then subsequently transferred to oxygen
molecules adsorbed on the catalyst surface directly forming

reactive superoxide anions (O, + ecg” = O,") that degrade
sunset yellow dye on the TiO, catalyst surface in a series of
reaction events.

When cobalt is present then there is a change in the
scenario, as doped cobalt ions act as more efficient electron
traps [Co(IIl) + ecs~ — Co(II)] than the adsorbed oxygen
species. This results in even more efficient migration and sepa-
ration of conduction band electrons over the as synthesized
cobalt doped TiO, photocatalyst than undoped TiO, producing
more mobile holes in the hybridized valence band (O2p +
Co3d)* of the cobalt doped TiO, photocatalyst at the same
photoexcitation event. To rejuvenate the photocatalytic cycle,
valence band holes oxidize conduction band electron reduced
Co(II) to Co(III) ions [hyg* + Co(Il) — Co(II)]. This catalytic
cycle of the doped cobalt ions, continues as long as UV light
is irradiated over doped TiO, catalyst.

TiO, + hv - h* + e (electron and hole generation)

Co(III) + e~ — Co(II)

Co(Il) + O, — Co(Il) + O,

Co(II) + h* — Co(lIII)

Co(II) + OH — Co(II) + *OH

Dye + *OH — Degraded products

Dye + O,” — Degraded products

As synthesized cobalt doped titania contained cobalt in
(IIT) oxidation state with octahedral arrangement around the
cobalt (light pink coloured), while the calcined sample which
was intense green in colour contained cobalt in (II) oxidation
state. In Co(III) octahedral arrangement, the metal had a d°
configuration and most of the ligands are strong enough to
cause spin pairing, giving the electronic arrangement (ty,)° (e,)".
This arrangement had very large crystal field stabilization
energy and was found to be diamagnetic. Cobalt(II) complexes
are readily oxidized to Co(III) and this happens because the
crystal field stabilization energy of Co(IlI) with a d® configu-
ration is higher than for Co(I) with a d’ configuration. Thus
from the viewpoint of crystal field theory, Co(II) is relatively
unstable as compared to Co(IIl), which had d° configuration.
Therefore, there was a tendency for the transfer of the trapped
charge carriers from Co(Il) to the adsorbed O, and surface
hydroxyl (OH"), respectively, to regenerate Co(III). These new
produced active species (such as OH™ and O,) will initiate the
photocatalytic reactions of decomposition of sunset yellow*’.
Samples taken at 1 h time intervals were analyzed by LC/MS
(LCMS-2010 EV liquid chromatography mass spectrometer,
Shimadzu) to identify the intermediate compounds as LCMS
technique is specifically useful to study the degradation of
dye as well as the formation of intermediates. The major
metabolites of sunset yellow are sulfanilic acid and amino-2-
naphthol-6-sulfonic acid. Dye degradation products identified
using LC-MS were sulfanilic acid with molecular mass 173.19
which appears as dimer with m/z value 340.4 and amino-2-
naphthol-6-sulfonic acid with molecular weight 239.25, which
also appears as dimer with m/z value 701.6 (Fig. 15). This
confirmed that the degradation of sunset yellow took place
efficiently in presence of cobalt doped titania.

Conclusion

An aqueous sol-gel method was used for the preparation
of cobalt doped nano-TiO,. The prepared materials were
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Fig. 15. LCMS of the degradation products of sunset yellow

analyzed using various physico-chemical characterization
techniques. XRD analyses revealed the presence of mixed
anatase and brookite phase of titania without any evidence for
the rutile phase. Doping of cobalt in nano-TiO; lead to a
decrease in particle size, an increase in surface area and low
band gap value. The average particle size of the prepared
samples ranged from 8-14 nm. TEM analyses revealed the
spherical morphology of the particles without any aggregation
of metal species. The calcined cobalt doped titania was found
to be room temperature ferromagnetic while the as synthesized
cobalt doped titania was diamagnetic. The photoactivity of
the undoped and doped titania obtained by the degradation
experiments of sunset yellow solution established that as
synthesized cobalt doped TiO, was the better catalyst. The
activity was found to be superior to that of commercial TiO,
sample. The activity was depended on both the structural and
textural characteristics of titania, evolved as a result of doping.
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