
World Applied Sciences Journal 8 (11): 1327-1332, 2010
ISSN 1818-4952
© IDOSI Publications, 2010

Corresponding Author: Azarmidokht Hosseinnia Environmental and Energy Research Group of Materials and Energy Research
Center P. O. Box 14155/4777, Tehran, Iran         Tel: +98 261 6204130

1327

Photo-catalytic Degradation of Organic Dyes with Different 
Chromophores by Synthesized Nanosize TiO  Particles 2

Azarmidokht Hosseinnia, Mansoor Keyanpour-Rad and Mohammad Pazouki

Environmental and Energy Research Group of Materials and Energy Research Center,
P.O. Box 14155/4777, Tehran, Iran

Abstract: Single phase anatase titania powders with size below 20 nm and surface area of 75 m /g were2

synthesized by a simple precipitation method at pH 5 and dehydration of agglomerates by azeotropic
distillation. The powders were characterized by X-ray diffraction (XRD), transmission electron microscopy
(TEM) and BET surface area, after calcinations at 550°C for 3 hrs. This nanoparticles was used for
photocatalytic degradation of various dyes with different chromophores such as triphenyl methane (Methyl
violet), heteropolyaromatic dyes (Methylene blue, Rhodamine B), azoic dyes (Methyl red, Methyl orange) and
hydroquinone dye (Sudan blue II B) under visible-light irradiation. The effect of catalyst loading and
concentrations of the dyes on the rate of degradation was investigated. In order to mask the ultraviolet (UV)
radiation of sun light partially, the photocatalytic reactions were done in Pyrex glass reactors. These
photooxidation reactions gave similar results when 500 W white halogen lamp was used as the light source. A
mechanism for the photoassisted degradation of the dyes mediated by TiO  nanoparticles under visible light2

radiation is proposed.
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INTRODUCTION follows different pathway compared to UV radiation.

Interest in the application of titanium oxide in triplet states, followed by electron injection from the
different fields has increased rapidly in recent years [1, 2]. exited dye to the conduction band of the catalyst TiO ,
One, such application results from the association of this which plays as an electron-transfer mediator.
oxide in photocatalytic processes, which had been Subsequently, the cation radicals of the dye are formed
reported as the pioneering work for the first time in 1972 and the transferred electron to TiO  band reacts with the
[3]. Since then, TiO nanoparticles have been used as preadsorbed O from the air to form oxidizing radical2

photocatalyst in many fields, such as environmental species, like O , HOO  and the OH radicals which start
applications, namely air cleaning, water purification and photooxidation of the dye. By knowing the overall
water treatment [4-6]. The photocatalytic activity of TiO mechanism of the photoassisted degradation of dyes2

nanoparticles under ultraviolet light particularly is under visible radiation, to clarify the detailed irreversible
prominent in the anatase form, but it has been recently photo-degradation mechanism and the formation of
found that this oxide, when doped with nitrogen ions, is intermediates in the degradation process, Liu et al.,
also a photocatalyst under visible light [4]. conducted a case study on alizarin red [10]. They noticed

A considerable technical and academic interest in the that this pigment undergoes rapid photo-assisted
photocatalytic properties of the nanosize TiO  powder has decomposition in air-equilibrated aqueous TiO2

led to many detailed studies of the photodegradation of dispersions under visible light radiation. 
dyes and the related mechanisms and kinetics study, Several parameters influence photo-catalytic
either  under  ultraviolet ( < 420nm) or visible radiation degradation of dyes, among which the pH, initial
( > 420nm) [7-10]. In fact, the mechanism of the concentration of dyes, photo-catalyst particle size and its
photoassisted degradation of dyes under visible radiation concentration and the presence of electron acceptors

Electrons of dyes are exited by visible light to singlet and
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could be pointed out [10, 11]. Particle size of catalyst is microscopy (TEM), using a Philips CM-200 FEG
considered one of the most important physical parameters instrument. Measurement of surface area of the
in these reactions, because it can directly furnish the nanopowder was carried out with standard BET surface
active sites for the reaction to occur [12-14]. area analyzer (Micromeritics Gemini III 2375, USA).

In order to convert the TiO  adsorption onset from2

ultraviolet to the visible region, that is to narrow the band Evaluation of Photo-catalytic Activity; Degradation of
gap of this oxide 3.2 eV, attempts have been made to dope Dyes: To 5 ml solution of 0.2 mmole/liter of each six
TiO  with transition metals [15, 16]. But because of several different organic dyes, namely Methyl violet II 2B (Basic2

drawbacks in metal doping [17], the application of anionic violet 1), Methylene blue (Basic blue 9), Methyl red,
dopants and substitution doping of nitrogen has been Rhodamine B (solvent red 49), Sudan blue (solvent blue
found to be the most effective [18]. It has been found that 35) and Methyl orange (acid orange 92), in either a mixture
anatase TiO  takes part in photo-catalytic reaction more of methanol and water or water alone in a 5 ml volumetric2

efficiently than the other types titanium oxide. This flask, was added 2 mg of synthesized anatase TiO . The
superiority originates from its band gap, which is 3.2 eV, mixtures  were  then  sonicated  in an ultrasound bath for
compared to 3.0 eV for the rutile. It means, the conductive 10 minutes. The resulting completed dispersions, along
zone of anatase type is 0.2 eV higher and therefore is more with a blank sample, containing no photocatalyst and
favorable for driving conjugate reactions involving having exactly the same volumes of the dyes solutions,
electron. Moreover, during photooxidation reaction, very were irradiated at 15 °C under direct sunshine (all the
stable surface peroxide groups can be formed at the photodegradation reaction were carried out in Pyrex
anatase type of this oxide [19, 20]. reactors; average wavelength was approximately 550 nm

In the previous investigation [21], the nanosize during the time of degradation of dyes and solar radiation
anatase TiO was prepared by a novel precipitation was measured by Kipp and Zonen, Holland) [22].2

method at pH 5. However, in the present study the
anatase TiO -in the absence of any dopants-was used for RESULTS AND DISCUSSION2

degradation of different organic dyes under visible light
radiation. In the precipitation method (the detail of synthesis of

Experimental product precipitated at pH 3 was a mixture of anatase and
Synthesis of Anatase TiO   Nanocrystal  Photocatalyst: rutile. By increasing the pH of the solution, the formation2

To 100 ml isopropanol in a 3-neck round bottom flask, of anatase was favored and at pH 5, only anatase TiO
equipped with a reflux condenser, was added with could be formed. This result was in accordance with the
vigorous stirring, 10 ml TiCl . A clear acidic solution was finding claimed in the literature that in the intermediates Ti4

obtained which neutralized gradually by dropwise (OR)  (OH)  and TiCl (OH) , the value of x depends on
addition of a 5% v/v ammonium hydroxide solution. The the pH. That is, the value of x becomes greater at the
white precipitate was collected at pH 5 on a filter paper higher pH values, when the formation of anatase from the
and after washing with deionized water for several times, amorphous intermediate is predominated and in lower pH
dried on the same filter paper at ambient temperature for (x becomes smaller in the intermediates), the amorphous
over night. intermediate tends to form the rutile [23, 24]. The

The agglomerated product was then dehydrated by formation of anatase phase of TiO  at pH 5 was confirmed
azeotropic distillation with 100ml benzene for 16 hrs [21] by XRD examination of the product, as shown in Fig.1.
and further dried at 110° C oven for 10 hours. The product The homogeneity, uniformity and the size of the resulting
was then calcinated at 550 ° C for 3 hours to yield the TiO crystals were studied by TEM, as shown in Fig. 2. TEM2

nanopowder which was characterized by XRD, TEM and study indicated that all the crystals were completely
BET. All the chemicals used in this study were of separated from each other and uniformed with a particle
analytical grade. size below 20 nm. The specific surface area of the

Characterization of Photo-catalyst: X-ray powder be 75 m /g for the samples used in the photocatalytic
diffraction (XRD) pattern of the photo-catalyst was degradation. The chemical structures of the dyes are
obtained using a Philip DW3710 diffractometer with CuKá shown in Fig. 3. These dyes contained different
radiation at 50 kV and 250 mA. The crystalline size chromophores  and  were  chosen  from  various
measurement was performed by transmission electron categories  such   as   heteropolyaromatic  dyes  (2 and 4),
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TiO  nanopowder is under publication elsewhere), the first2

2

4-x x 4-x  x

2

nanocrystals were measured by BET method and found to
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Fig. 1: XRD powder pattern of synthesized TiO  by2

precipitation method. All of the peaks are Fig. 2: TEM image of synthesized TiO , the sizes of
corresponding to anatase nanocrystals are smaller than 20nm 

2

Methylene blue (2)

Methyl violet (1)

Methyl red (3)
Rhodamine B (4)

Sudan blue II B (5) Methyl orange (6)

Fig. 3: Molecular structures of the six dyes with different chromophore 

azoic dyes (3 and 6), hydroquinone dye (5) and triphenyl mmole/liter solutions of each dyes, either in water or a
methane (1), which could be dissolved in either water or mixture of methanol and water. It was noticed that the
methanol. In order to generate the OH radicals in degradation of the dyes does not occur instantaneously•

alcoholic solutions of those dyes soluble only in CH OH, under solar exposure, but passes through the stage of3

a few drops of the H O were added to their alcoholic formation of some intermediate species which degraded2

solutions. The photoactivity of the synthesized titania with different rates (average solar radiation 11350 of KJ /
was examined by adding 2 mg of the catalyst to 5ml of 0.2 m d,  550nm) .2 1
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Fig. 4: Trend of degradation of 6 dyes under visible light irradiation

Figure  4 show  the   trend   of  gradual structural decomposition and subsequently desorbed and
decomposition  of  the  six  dyes  which  was  monitored return to the solution by stirring when the light source is
by  photographing  the  reaction  vessels  in  each quarter omitted.
an hour intervals. It was noticed that among these 6 dyes, In  order  to  mask the  solar  UV  radiation  partially,
Methyl violet (basic violet 1), suffers degradation with the photo-radiation vessels were chosen to be Pyrex
higher rate than the others. It seems that the triphenyl glass.  Then,  knowing  that  the  UV  light in solar
methane structure of this dye (Fig. 3) was more radiation accounts for only a small fraction (~5%) as
susceptible to degradation in photocatalytic reactions, compared   to   the   visible   region   (45%),   it  was
followed by Methylene blue (basic blue 9) and Rhodamine assumed that the UV radiation which influenced the
B (solvent red 49), which have heterocyclic rings in their photodecomposition of the dyes; was so small and could
structures. therefore be negligible. Under visible light illumination,

Interesting to notice that, both Methylene blue and the semiconductor is not excited as its adsorption
Rhodamine B resisted degradation under visible light in threshold is 385 nm; only the chemisorbed dyes are
first half hour by returning to their initial colors after excited at wavelengths longer than 420 nm to produce
elimination of the light source eventually, but they singlet and triplet states. Subsequently the dyes inject an
decomposed after 2 hrs. Sudan blue (solvent blue 35) electron in to the conduction band or to some surface
turned to green at first and then changed gradually to state (eqs 1-7).
yellow and stayed yellow for a while, but degraded
completely after 2 hrs. This indicates that in the Dye + h  (vis) Dye + Dye (1)
photocatalytic decomposition, the dye goes to a yellow
transition state at first, the mechanism of which needs Dye or Dye + TiO  Dye + TiO (e ) ( 2)
further study and elucidation. Among the dyes, Methyl
orange and Methyl red, the so called azoic dyes, were TiO (e ) + O  O2 + TiO (3)
more resistant to degradation and both decomposed at
once after 2hrs. It is interesting to note that the color of O2 + H  OOH (4)
the blank reactors remained unchanged during the
photocatalytic reaction and no sign of changing color was OOH  + O2 -+ H  O + H O (5)
noticed after 2 hrs.

In the photocatalytic decomposition process, the H O  + O2 -  OH  + OH-+ O (6)
photoreaction takes place on the surface of TiO  particles2

and therefore the larger surface area of this catalyst Dye  + (OH , O2 -and / or O )  degraded products (7)
causes the greater adsorption of the dyes. Consequently,
the particle size and degree of dispersion of TiO  in In equation 1, the amount of h  depends surely to the2

solution greatly influence the adsorption of the dyes. dye structure and also to the resonating electron in its
Methylene blue and Rhodamine B could be easily structure. Consequently by absorbing the light amount of
adsorbed on TiO  particles in half hour without any energy, each dye could promote to singlet and triplet2
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states. Those dyes which need more exciting energy to 2. Zhou, W., Q. Cao and S. Tang, 2006. Effect on the
become excited, they transfer their electron easier to the
conductive band of TiO  (e. g. azo dyes; Methyl red and2

Methyl orange).
The sun light simulation procedure, using the white

halogen lamp as the visible light source, gave almost
similar result. Although the rate of degradation was much
slower, compared to those reactions using sunlight, but
the trend and order of the colors changing in colors of the
dyes or complete degradation for the 6 dyes were exactly
the same.

CONCLUSION

Organic dyes with different chromophores can be
photodegrade on the surface of TiO  photocatalyst under2

visible light irradiation by a process involving electron
injection sensitization of TiO .2

In photooxidation of organic dyes, the following
steps take place: surface adsorption of dyes by TiO ,2

which is directly proportional to the surface area and
dispersion of the catalyst; the adsorption of light by the
dye, which promotes the dye to the excited state; the
transfer of electron from the excited state to the
conductive band of the TiO and consequently the2

formation of effective radicals from water or oxygen and
the oxidation of the dye by the radicals. Therefore the
difference in the photooxidations of organic dyes carrying
different chromophores could be related to the following
factors:

The particle size and the surface area of the catalyst.
The tendency of adsorption of the dye to the surface
of the catalysts. 
The energy necessary (h ) for excitation of the dye
(dye  dye ).*

Stability of the dye to oxidation by the radicals.
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