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Abstract

The photoassisted degradation of pararosaniline dye has been investigated in aqueous solutions under illumination by visible light.
Illumination of the dye solution in the presence of oxygen or argon does not degrade the dye molecule. Degradation occurs in the presence
of H,0,. Pararosaniline dye can be easily decomposed in the Si€pensions using oxygen and hydrogen peroxide as electron acceptors.

The degradation kinetics followed first-order type equation in all cases. Based on the data obtained the reaction mechanism was proposed.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction on the efficiency of the assisted photodegradation. Nothing,
as far as we know, has been reported about its photocatalytic

Titanium(IV) oxide suspended in water has proven to be destruction. Since it has a high molar absorption coefficient,

as one of the most active photocatalyst. Extensive work hasthe decrease of pararosaniline dye concentration during the

shown that a wide range of organic pollutants in aqueous degradation could be monitored up to very small amounts.

solutions containing UV light illuminated Tigparticles are ~ The effect of oxygen and hydrogen peroxide on the degra-

completely oxidized [1-5]. But, it is known that only 3-5% dation was studied, since they are often suggested as the

of the solar energy reaching the surface of the earth is avail-primary acceptors of the conduction band electrons. The ki-

able to excite Ti@ directly and the artificial UV light sources  netics and some mechanism details of the degradation under

are expensive and unstable. Therefore, many recent studieslifferent experimental conditions are discussed on the basis

have been directed at exploring methods that can utilize vis- of the experimental results.

ible light or sunlight for degradation of organic pollutants.

These investigations have shown that colored compounds

can be degraded in the presence of Jider the visible 2. Experimental details

light illumination because of their absorption spectra in the

visible region [6-11]. The degradation of colored substance Pararosaniline dye is a derivative of the triphenylmethane

occurs through electron injection from its excited state into structure. In the present work pararosaniline hydrochloride

the conduction band of TiPparticles [12—-15]. Ti@ has a (4-NHoCgHa4)»C(CsHaNH2Cl) was used (see structure be-

significant role as an electron carrier leading to the separa-low). The dye and other chemicals were of analytic grade
tion of the injected electrons and cationic dye radicals. Such and were used without further purification.
assisted photoprocesses provide an attractive way to treat or

pretreat dye polluted water.
The aim of this study was to investigate the photocatalytic Ho :<:>:NH2’CI'
degradation of pararosaniline dye in the presence ob TiO
2

with a light source simulating solar spectrum. This com-
pound was chosen as a representative member of triphenyl-

e . : _ ; . -5 -3 -
methane derivatives to obtain some valuable informations  1he solutions containing410~>mol dm™* of pararosani-
line dye were prepared in doubly distilled water. In all cases

* Corresponding author. Fax:381-2154-065. the pH of the solution was 5.9, except in experiments where
E-mail addressm.alexic@eunet.yu (M.M. Kosaf). the effect of pH on the absorption spectra was studied.
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Simulated solar light (a 150 W halogen lamp, Osram 9.7V 1.0
and a concave mirror of selective reflection) was used as
the light source. The process was carried out in an oxy- 0.8

gen stream at room temperature, in a cell (sample volume
20 cn?) made of pyrex glass. In the experiments studying
the effect of HO, on the degradation of pararosaniline
dye, the oxygen was swept out of the reaction vessel with
a stream of argon. During illumination there was not any
change of the pH value of the solution, except in the pres-
ence of TiQ when a small decrease of about 0.2 units was
observed.

Photocatalytic experiments were carried out using 0.0
2.5mg cn® aqueous suspensions of Bi{Degussa P-25, . . . L .
predominantly anatase, specific area of S@mt, non- 200 300 400 500 600
porous). Suspension was sonicated for 15 min before illu- A/ nm
mination to make the Ti@particle size uniform. During the Fig. 1. The influence of pH on the absorption spectra of pararosaniline
exposure, the reaction mixture was stirred. Fi@articles dye in aqueous solution.
were removed after illumination by centrifugation of the

suspension. . . form of the molecule, while bands with peaks at 206 and
Variations in the concentration of the dye were monitored 235 nm can be ascribed to a certain uncolored isomer of the

by an UV-visible spectrophotometer (Specord UV-VIS). molecule. Absorbances of the dye molecule decrease also

Absorbances were measured in situ at the wavelength ofpy increasing pH of the solution above 6.3 and completely

maximum  absorption (at 545nm). In the photo-Fenton gisappear at pH 10.5.

experiments the molar excess 0j®p:dye was 50. _ Because of the variations of the absorbances with pH, all
Since the photoassisted degradation occurs predominantlyeyperiments were performed using natural pH vajoie =

on the TiG surface, studies of the adsorption of pararosani- 5 g) as initial pH of the solution. The value of molar absorp-

line dye from aqueous solution onto TiGare important.  tjon coefficient was determined as88 x 103 m2mol~1 in

Experiments on adsorption were carried out in a reaction oyr experimental conditions, and it was independent on the

vessel. Suspensions, prepared by the addition obH&  pH of the solution between 3.6 and 5.9. Since the optical

concentration of 2.5mg C“’O" were pre-equilibrated for 2h gpectrum remains invariant in this pH range, the structure of
by vigorous stirring. This period of time was determined ihe dye molecule does not change.

as optimal for the adsorption/desorption equilibrium to be

0.6

04

Absorbance

0.2

achieved at room temperature. After removing Jigarti- 3.2. lllumination of dye solution
cles, the extent of adsorption was evaluated from decrease
of concentration of pararosaniline dye in the solution. Illumination of the pararosaniline dye solution in the

presence of oxygen or argon leads to the decrease of the
dye absorption. Decreasing of absorption at 545 nm during

3. Results and discussion illumination is presented in Fig. 2a. Disappearance of the
dye under illumination follows second-order kinetics with
3.1. Absorption spectra of the dye the rate constant of.8 x 10°dm®*mol~tmin=t (1, =

19.84 min,r = 0.992). The dye appears slowly in the dark
Fig. 1 shows the absorption spectra of the pararosanilinein an illuminated sample up to 80% of initial concentration
dye in water solution of different pH values. The main after 3h (Fig. 2b). This indicates that the chromophore
absorption maximum in the visible region occurs at 545 nm. group of pararosaniline dye is not broken during illumina-
The absorption band in the UV region is apparently due to tion, but only a recurrent change of conjugatedystem
electron transitional states of molecule [16]. It should be happens under visible light illumination.
noted that the position of the absorption maximum and the lllumination of the dye solution in the presence of hydro-
corresponding molar absorption coefficient depend some-gen peroxide causes decomposition of the dye molecules.
what on the solvent [17]. Those two parameters vary also A blank experiment conducted in the presence gOlin
with the pH of the solution. We have observed that dec- the dark resulted in negligible degradation. During photoly-
reasing of the pH value of the solution causes a noticeablesis with visible light in the presence ofx1 10~3 mol dm 3
reduction of absorption bands with the maximum at 545 H»Os inthe argon stream the absorption at 545 nm decreased
and 285 nm, to disappear completely below pH 1.5. with increasing the illumination time and disappeared after
Absorption bands with peaks at 206 and 235nm do not 30 min (Fig. 3).
depend noticeably on the pH of the solution. Absorption The dye did not appear after illumination in the illu-
bands at 545 and 285 nm can be ascribed to a highly coloredminated sample indicating that the addition of hydrogen
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t(formation) / min Photo-Fenton reaction is known as one of the most effective
0 20 40 60 80 100 120 140 160 180 200 methods of generation of hydroxyl radicals. Photo-Fenton
1.0 — T T T T T T T 1 experiments were performed in the presence of 504

moldm™3 H,0, and 5x 10 *moldm3 Fe*t under
visible light illumination. Under these experimental condi-
tions pararosaniline dye was decomposed very fast (within
2min). This observation confirms that degradation of
pararosaniline dye is caused by reaction with hydroxyl
radicals.

A545nm

3.3. TiG-assisted photodegradation

The degradation of aqueous suspension of pararosaniline
, dye was performed in the presence of Ti&s a photocata-
45 lyst and Q as an electron acceptor. The absorption bands of
t(illumination) / min the absorption spectra corresponding to the dye decreased
during illumination (Fig. 4), and disappeared after 20 min
Fig. 2. Changes of pararosaniline dye concentration in agueous SO'U“O”indicating the total degradation of dye molecules. During
pH 5.9: (a) disappearance of the dye during visible light illumination; (b) . . h . .
¢ : | S : illumination no new absorption bands appeared both in the
ormation of the dye in the dark after illumination of the solution. .. i . , .
visible and ultraviolet regions, especially absorption bands
of aromatic compounds and other similar intermediates. This

peroxide caused degradation of pararosaniline dye moleculeds @ marked contrast to the direct photocatalyzed degrada-
under visible light illumination. Degradation of the dye tion of many organics in the presence of 3i@nder UV
under present conditions follows first-order kinetics with illumination, in which they are easily detected by absorp-
the rate constant = 0.072 mim ! (t12 = 9.63min,r = tion spectra [18]. Small decrease of the pH of the solution
0.987). We assume that the excitation of pararosaniline dye ©f about 0.2 units can be ascribed to the formation of some
molecules is followed by a reaction with hydrogen perox- acidic products of the dye degradation.

ide which results in hydroxyl radical production and leads  The degradation of pararosaniline dye in oxygenateg TiO
to decomposition of the dye. Cation radical produced by suspension (Fig. 4, inset) follows first-order kinetics with the
charge transfer reaction can be degraded in reaction withfate constant = 0.143mirr ! (1,2 = 4.85min,r = 0.994).

hydroxyl radicals also Based on the mechanism of the sensitized photocatalysis
. under visible light illumination [12—15] the following reac-
Dye+ hv — Dye 1) tions (Egs. (4)—(6)) may be proposed for the degradation of
. _ ararosaniline dye in the presence of Fifb oxygenated
Dye" + Hz0, — Dye" + “OH + OH (2) uneous solutiori/s: P 7
Dye or Dye" + *OH — Products 3 Dye* +TiO, — Dye + TiOa(e") 4)
10 - TiO2(€7) + 02 — O™ (5)
Dye" + O,~ — DO, — Product (6)
08 0
2 Since the photoassisted degradation mechanism proposes
2 06l 5 direct electron injection from the excited dye to the conduc-
Q . . . .
g 12 tion band of TiQ, pararosaniline dye molecules must
-g 20 be adsorbed on the semiconductor surface. We obser-
& 04r 30 min ved that about 0.amol/g TiO, were adsorbed from
< 1 x 10~>mol dm3 solution of pararosaniline dye, which is
02F 2254 3.5% of the initial concentration. The obtained value
represents the average value of several measurements. This
0.0 - observation is in accordance with the proposed mechanism
! : ! : ! . ! : of sensitized photocatalysis.
400 500 600 700

Hydrogen peroxide was used throughout this study as

A /nm an alternative electron acceptor. Hydrogen peroxide was
Fig. 3. Spectral changes of pararosaniline dye solution during illumination consplered to have_two functions in the process of pho-
in the presence of X 10-3moldm3 H,0,. Argon saturated soluton  toassisted degradation [19]. It accepts electrons from the
(wavelengths >400 nm). conduction band and thus promotes the formation of OH
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Fig. 4. Absorption spectra of pararosaniline dye in aqueous Ti€persion with illumination time. Inset: first-order kinetics plot.

radicals (Eq. (7))

TiO2(e7) + H202 — *OH + OH™ 4+ TiOs @)

(Egs. (3) and (7)) and a reaction occurring in the bulk of the
solution (Egs. (2) and (3)). Thus, the observed degradation
rate should be the sum of these two reaction rates. The effect

susceptible to attack the dye (Eq. (3)). Experiments were of the reduction of the degradation rate of pararosaniline
carried out in deoxygenated solutions. The similar changesdye we detected in the presence of®4 is quite different

in absorption spectra were observed under present experifrom that obtained in direct photocatalysis using UV—iO
mental conditions in comparison with the results obtained in systems. In these systems a significant enhancement on the
experiments using oxygen (Fig. 5). Degradation also follows degradation rate has been detected whe®Hwvas added

first-order kinetics with the rate constant= 0.127 mirr1
(t1/2 = 5.46 min,r = 0.994). The initial concentration of
H>05 in the range of 5 10~%-3x 10~3 mol dm 2 does not
affect significantly the degradation rate.

In the presence of $D, in TiO, dispersion pararosaniline

into the suspension [20-22]. Under the same conditions as
in this study (concentrations of 4D,, O, and TiQ) we
obtained that the photocatalytic activity increases by a factor
of about 2.5 comparing to the results with oxygen [23].
The observed discrepancy can be explained on the basis

dye molecules could undergo two degradation reactions: aof the difference in the primary mechanisms of direct and

reaction taking place at the surface of the Tifarticles

1.0

sensitized photocatalysis [14].
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Fig. 5. Variation in the absorption spectra of pararosaniline dye in aqueoysdifersion in the presence ok1.0~3 mol dm~3 H,0, during illumination.

Argon saturated solution. Inset: first-order kinetics plot.
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