
A

c
o
t
o
T
©

K

1

t
m
d
U
s
i
t
b
o
t
b
t
p
(
t
s
e
s

1
d

Journal of Photochemistry and Photobiology A: Chemistry 184 (2006) 331–334

Photodegradation of Congo red under sunlight catalysed
by nanorod rutile TiO2
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bstract

Nanorod titanium oxide was obtained at room temperature and normal pressure using a simple method of preparation. The dilute titanium(III)
hloride solution was stirred at room temperature for several hours, and then ammonium hydroxide was added. A white gel TiO2·xH2O was
btained with nanorod shape and rutile crystalline structure. When Congo red solution was mixed with the wet gel; adsorption of Congo red

ook place in few seconds. The Congo red adsorbed on titanium oxide particles was easily decomposed under sunlight. Powder TiO2·0.6H2O,
btained by drying the gel at room temperature, was also active under sunlight; although it showed slower adsorption compared to the wet gel
iO2·xH2O.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Photodegradation of pollutants in textile wastewater is impor-
ant to environmental issue. The most studied photocatalyst

aterial is titanium oxide TiO2 [1–3]. It shows great photodegra-
ation activity toward many pollutants like organic dyes. The
V irradiation found to be necessary to achieve such decompo-

ition. Many researches are carried out to improve the catalyst
n order to substitute the UV irradiation by visible light. Doped
itania with various metals as well as non-metals were found to
e active in visible light [4–6]. In general, TiO2 activity depends
n many factors. (1) Crystalline phase: anatase phase was found
o be photocatalytically active over the two other form rutile and
rookite [1,7]. (2) The purity of the phase: commercialized mix-
ure of anatase and rutile (Degussa P25) exhibited much superior
hotocatalytic activity compared to pure-anatase and rutile [8,9].
3) The size of the particles: very fine particles (few nanome-
ers) showed decrease in photocatalytic activity although the

urface area was higher; this is explained by recombination of
−/h+ (electron–hole pairs), which could be high in extremely
mall particles [10]. (4) The shape of titanium oxide parti-
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les: for instance, nanorod shape anatase was found to be less
ctive for Congo red photodegradation than dot shape anatase
11].

In general, titanium oxide, TiO2, can be prepared by several
ethods. Many of them require special apparatus, or they are

sing highly costly starting materials, which could limit com-
ercialization. A simple soft chemistry technique is required

specially if it leads to a reactive materials. In this paper, a simple
ow cost method at room temperature and normal pressure was
sed to obtain nanorod rutile that shows excellent photodegra-
ation of Congo red under sunlight.

. Experimental

TiCl3 solution (30%, w/v TiCl3 BDH Laboratory, England)
as diluted with distilled water and stirred for 65 h at room tem-
erature. The solution which was purple dark presently turn to
hite colloidal solution with an acidic pH 0.8. Then ammonium
ydroxide 10% NH4OH was added. A white gel appears imme-
iately; solution pH was 9.2. The gel at the bottom of the beaker

as easily separated from the solution by decantation; it was

hen washed with distilled water. After each washing, the mix-
ure was allowed to settle in order to allow the separation of the
el from the solution by decantation. The product was prepared
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ccording to the following chemical reaction:

TiCl3(aq)
(20 mL)

+ H2O(l)
(180 mL)

stirring for 65 h−→ white colloidal solution

+10% NH4OH−→ TiO2 · xH2O(white gel)

he wet gel obtained can be dried at room temperature and
sed for purity and particles size analysis. Congo red is water
oluble; yielding a red solution with high absorption bond in UV
pectrum located around 500 nm. It has the following chemical
tructure.

The Congo red solution was prepared by dissolving Congo
ed powder (C32H24N6O6S2 from BDH Chemical Ltd. Poole
ngland) in distilled water to obtain a solution 2.5 × 10−5 M
oncentration. The photocatalysis experiments were carried out
n 100 mL beaker containing about 70 mL of Congo red aque-
us solution (0.025 mM) and about 90 mg of TiO2 as wet gel
iO2·xH2O or as powder TiO2·0.6H2O. The photodegradation
xperiments were carried out under sunlight. These experiments
ere followed by different spectroscopic techniques as pow-
er X-ray diffraction (Philips 1710, diffractometer), Thermal
nalyses (TG and DTA, 2960 Universal TA Instruments, under
itrogen gas and with heating rate 10 ◦C min−1), UV spec-
roscopy (UV spectrometer Cary 50 Conc) and transmission
lectron microscope (Jeol 1234).

. Results and discussion

Fig. 1 shows the X-ray diffraction pattern of the powder
btained from drying the titanium oxide gel TiO2·xH2O at room

emperature. It shows a pure crystalline phase with all diffraction
eaks identified to TiO2 rutile structure.

The as-prepared product was analyzed by thermal analysis
GA and DTA, Fig. 2(a and b).

ig. 1. Powder X-ray diffraction pattern of the gel dried at room temperature
for comparison, pure rutile TiO2 XRD pattern is included).
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Fig. 2. (a) TGA and (b) DTA curves of TiO2·0.6H2O.

DTA curve shows two endothermic peaks; the first one is
entered at 97 ◦C and ended at about 146 ◦C (about 8.6% lost on
G curve). It will correspond to the lost of adsorbed water. The
econd endothermic peak is centered at 334 ◦C. From TG curve
he lost of water ended at around 500 ◦C (about 4.4% lost on
G curve). It will correspond to the lost of chemically bonded
ater. DTA curve does not show any exothermic peak, which

ndicates that the product is pure crystalline phase without any
ther amorphous phase. The thermal behavior of as-prepared
itanium oxide gel can be summarized as follows:

TiO2 · xH2O
rutile (wet gel)

25 ◦C−→TiO2 · 0.6H2O
rutile (powder)

146 ◦C−→ TiO2 · 0.2H2O
rutile (powder)

500 ◦C−→ TiO2
rutile (powder)

he X-ray diffraction peaks in Fig. 1 are broad, which probably
ndicates small particles size. TEM micrograph, Fig. 3, shows
gglomeration of nanorod particles of average size 35 nm of
ength and 3 nm of width.

In a recent study [12,13], we show that the wet tin oxide gel

nO2·xH2O particles was less agglomerate than the powder par-

icles obtained after drying the gel at room temperature. Thus,
in oxide gel was found to be more reactive in photodegradation
f Congo red rather than powder. In the present study, the wet
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Fig. 3. TEM micrographs of powder TiO2·0.6H2O.

itanium oxide gel TiO2·xH2O also shows less agglomerated par-
icles (Fig. 4) compared to powder TiO2·0.6H2O. The difference
etween the gel and the powder is the amount of water. Titanium
xide powder contains only 0.6H2O; in contrast the gel contains
high number of water molecules. Probably, because of inter-

ction between water and titanium oxide, these particles could
ot strongly agglomerate like in powder sample. Less agglom-
rated particles in such application are needed because catalyst
eaction usually takes place on the surface.

Photodegradtion of Congo red solution was carried out at
oom temperature by using the wet titanium oxide gel as cat-
lyst and sunlight as light source. A fresh TiO2·xH2O gel at

he bottom of the beaker was easily separated from distilled
ater by decantation. Then, Congo red solution was added.
fter only few seconds all Congo red was adsorbed on tita-
ium oxide particles and a colorless solution was obtained (see

Fig. 4. TEM micrograph of wet titanium oxide gel TiO2·xH2O.
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ig. 5. UV spectra: (a) Congo red solution with TiO2·xH2O gel under sunlight
45 min); (b) Congo red solution with TiO2·xH2O gel in dark (45 min); (c) Congo
ed solution with reused TiO2·xH2O gel under sunlight (45 min).

upplementary data). This mixture was stirred for 45 min under
unlight between 11:00 and 12:00 a.m. The temperature under
unlight was 28 ◦C. With reaction time running, the red color
ntensity of titanium oxide gel decreases until disappearance.
his indicates decomposition of Congo red on titanium oxide
articles surface. The same experiment was carried out in the
ark, after 45 min of stirring the red color on titanium oxide
el remains, which indicates that Congo red adsorbed was not
ecomposed. Another experiment was carried out under sunlight
ith the same gel used for the first experiment. The reused gel

hows the same capabilities for adsorption and decomposition
f Congo red as the fresh gel. Fig. 5 shows the UV spectra. All
urves are similar, even for the experiment carried out in the
ark. Because in the first seconds of the experiment, in all three
ases, both under sunlight or in dark, Congo red was completely
emoved from the solution by adsorption on titanium oxide par-
icles. Sunlight was not necessary for adsorption; however the
ongo red adsorbed on titanium oxide particles surface decom-
oses only on sunlight presence (see Supplementary data).

A comparison of adsorption of Congo red in the dark between

itanium oxide gel and powder was carried out (Fig. 6). Although
he powder shows a good adsorption of Congo red after 15 min
f stirring, the gel adsorption still better after only few seconds

ig. 6. UV spectra: (a) Congo red solution with TiO2·xH2O gel in dark (few
econds); (b) Congo red solution with TiO2·0.6H2O powder in dark (15 min).
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ig. 7. UV spectra: (a) Congo red solution with TiO2·xH2O gel under sun-
ight (45 min); (b) Congo red solution with TiO2·0.6H2O powder under sunlight
45 min).

f stirring. This is probably the consequence of less agglomer-
ted particles that can provide more surface area for Congo red
dsorption in a very short time. It is important to indicate that if
hlorine ions were not removed from the wet gel, by washing it
ith distilled water several times until the AgNO3 test indicated

he absence of chloride ions in the decanted solution, adsorption
ecreases dramatically. The chlorine ions seem to be poisonous
o the surface area of titanium oxide.

When the two solutions are exposed to sunlight, in both exper-
ments the decomposition of adsorbed Congo red takes place and
he red color disappear from both catalysts. Fig. 7 depicts the UV
pectra. Titanium oxide powder presents the same performance
s the gel. The difference seems to be in adsorption step where
ongo red is adsorbed on TiO2·xH2O gel quickly compared to
iO2·0.6H2O powder.

It is worth noting that when anatase is prepared with nanorod
hape it shows less activity compared to dot shape anatase [11].
lso it is known that the anatase TiO2 is a more efficient photo-

atalyst than the rutile TiO2 [1,7]. In The present work nanorod
utile phase has excellent photodegradation under sunlight bet-
er than both dot and rod anatase under UV irradiation [11]. This
xcellent photodegradation of Congo red under sunlight prob-
bly can be explained by the presence in the same time of all
avorable parameters: particle size, shape of the particles and
rystalline phase. It was reported that rutile with nanodot shape
as found to be less active for Congo red degradation compared

o anatase phase [11]. It seems that the catalyst will not only
epend on the crystalline structure (anatase, rutile and brookite)
ut will also depend strongly on other parameters as the particle
ize and shape. When all these favorable parameters are found

ogether, like in the present work, pure rutile phase was found to
e active under sunlight. The same thing can be said for anatase
hase. If appropriate size and shape are present; anatase could be
lso active under sunlight as the rutile phase or better. If nanorod

[

[

nd Photobiology A: Chemistry 184 (2006) 331–334

hape with the present size is favorable for rutile, the same shape
nd size probably could not be favorable for anatase because the
wo phases present different crystalline structure. It seems that
or each titanium oxide phase some optimum size and shape
xist where each phase will present high photocatalytic activity.

. Conclusion

With a simple method, it was easy to prepare a nanorod rutile
hase at room temperature. Soft chemistry or chimie douce is
owerfull technique for preparing new materials or improving
ome chemical and physical properties of materials. Pure rutile
anorod shows excellent photodegradation of Congo red under
unlight. It seems that the present particles have favorable size
nd shape for such reaction. Although both pure rutile gel and
owder show active photodegradation of Congo red under sun-
ight, the adsorption step is more active with the gel owing to the
ess agglomeration of particles. This study shows that the size
nd the shape of the particles have also an effect on the catalyst
long with the crystalline structure.
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