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Short communication

Degradation of pararosaniline dye photoassisted by visible light
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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 H2O2. Pararosaniline dye can be easily decomposed in the TiO2 suspensions 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

Titanium(IV) oxide suspended in water has proven to be
as one of the most active photocatalyst. Extensive work has
shown that a wide range of organic pollutants in aqueous
solutions containing UV light illuminated TiO2 particles are
completely oxidized [1–5]. But, it is known that only 3–5%
of the solar energy reaching the surface of the earth is avail-
able to excite TiO2 directly and the artificial UV light sources
are expensive and unstable. Therefore, many recent studies
have been directed at exploring methods that can utilize vis-
ible light or sunlight for degradation of organic pollutants.
These investigations have shown that colored compounds
can be degraded in the presence of TiO2 under the visible
light illumination because of their absorption spectra in the
visible region [6–11]. The degradation of colored substance
occurs through electron injection from its excited state into
the conduction band of TiO2 particles [12–15]. TiO2 has a
significant role as an electron carrier leading to the separa-
tion of the injected electrons and cationic dye radicals. Such
assisted photoprocesses provide an attractive way to treat or
pretreat dye polluted water.

The aim of this study was to investigate the photocatalytic
degradation of pararosaniline dye in the presence of TiO2
with a light source simulating solar spectrum. This com-
pound was chosen as a representative member of triphenyl-
methane derivatives to obtain some valuable informations
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on the efficiency of the assisted photodegradation. Nothing,
as far as we know, has been reported about its photocatalytic
destruction. Since it has a high molar absorption coefficient,
the decrease of pararosaniline dye concentration during the
degradation could be monitored up to very small amounts.
The effect of oxygen and hydrogen peroxide on the degra-
dation was studied, since they are often suggested as the
primary acceptors of the conduction band electrons. The ki-
netics and some mechanism details of the degradation under
different experimental conditions are discussed on the basis
of the experimental results.

2. Experimental details

Pararosaniline dye is a derivative of the triphenylmethane
structure. In the present work pararosaniline hydrochloride
(4-NH2C6H4)2C(C6H4NH2Cl) was used (see structure be-
low). The dye and other chemicals were of analytic grade
and were used without further purification.

The solutions containing 1×10−5 mol dm−3 of pararosani-
line dye were prepared in doubly distilled water. In all cases
the pH of the solution was 5.9, except in experiments where
the effect of pH on the absorption spectra was studied.
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Simulated solar light (a 150 W halogen lamp, Osram 9.7 V
and a concave mirror of selective reflection) was used as
the light source. The process was carried out in an oxy-
gen stream at room temperature, in a cell (sample volume
20 cm3) made of pyrex glass. In the experiments studying
the effect of H2O2 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 TiO2 when a small decrease of about 0.2 units was
observed.

Photocatalytic experiments were carried out using
2.5 mg cm−3 aqueous suspensions of TiO2 (Degussa P-25,
predominantly anatase, specific area of 50 m2 g−1, non-
porous). Suspension was sonicated for 15 min before illu-
mination to make the TiO2 particle size uniform. During the
exposure, the reaction mixture was stirred. TiO2 particles
were removed after illumination by centrifugation of the
suspension.

Variations in the concentration of the dye were monitored
by an UV–visible spectrophotometer (Specord UV–VIS).
Absorbances were measured in situ at the wavelength of
maximum absorption (at 545 nm). In the photo-Fenton
experiments the molar excess of H2O2:dye was 50.

Since the photoassisted degradation occurs predominantly
on the TiO2 surface, studies of the adsorption of pararosani-
line dye from aqueous solution onto TiO2 are important.
Experiments on adsorption were carried out in a reaction
vessel. Suspensions, prepared by the addition of TiO2 at a
concentration of 2.5 mg cm−3, were pre-equilibrated for 2 h
by vigorous stirring. This period of time was determined
as optimal for the adsorption/desorption equilibrium to be
achieved at room temperature. After removing TiO2 parti-
cles, the extent of adsorption was evaluated from decrease
of concentration of pararosaniline dye in the solution.

3. Results and discussion

3.1. Absorption spectra of the dye

Fig. 1 shows the absorption spectra of the pararosaniline
dye in water solution of different pH values. The main
absorption maximum in the visible region occurs at 545 nm.
The absorption band in the UV region is apparently due to
electron transitional states of molecule [16]. It should be
noted that the position of the absorption maximum and the
corresponding molar absorption coefficient depend some-
what on the solvent [17]. Those two parameters vary also
with the pH of the solution. We have observed that dec-
reasing of the pH value of the solution causes a noticeable
reduction of absorption bands with the maximum at 545
and 285 nm, to disappear completely below pH 1.5.

Absorption bands with peaks at 206 and 235 nm do not
depend noticeably on the pH of the solution. Absorption
bands at 545 and 285 nm can be ascribed to a highly colored

Fig. 1. The influence of pH on the absorption spectra of pararosaniline
dye in aqueous solution.

form of the molecule, while bands with peaks at 206 and
235 nm can be ascribed to a certain uncolored isomer of the
molecule. Absorbances of the dye molecule decrease also
by increasing pH of the solution above 6.3 and completely
disappear at pH 10.5.

Because of the variations of the absorbances with pH, all
experiments were performed using natural pH value(pH =
5.9) as initial pH of the solution. The value of molar absorp-
tion coefficient was determined as 9.88× 103 m2 mol−1 in
our experimental conditions, and it was independent on the
pH of the solution between 3.6 and 5.9. Since the optical
spectrum remains invariant in this pH range, the structure of
the dye molecule does not change.

3.2. Illumination of dye 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
illumination is presented in Fig. 2a. Disappearance of the
dye under illumination follows second-order kinetics with
the rate constant of 6.3 × 103 dm3 mol−1 min−1 (t1/2 =
19.84 min, r = 0.992). The dye appears slowly in the dark
in an illuminated sample up to 80% of initial concentration
after 3 h (Fig. 2b). This indicates that the chromophore
group of pararosaniline dye is not broken during illumina-
tion, but only a recurrent change of conjugated�-system
happens under visible light illumination.

Illumination of the dye solution in the presence of hydro-
gen peroxide causes decomposition of the dye molecules.
A blank experiment conducted in the presence of H2O2 in
the dark resulted in negligible degradation. During photoly-
sis with visible light in the presence of 1× 10−3 mol dm−3

H2O2 in the argon stream the absorption at 545 nm decreased
with increasing the illumination time and disappeared after
30 min (Fig. 3).

The dye did not appear after illumination in the illu-
minated sample indicating that the addition of hydrogen
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Fig. 2. Changes of pararosaniline dye concentration in aqueous solution
pH 5.9: (a) disappearance of the dye during visible light illumination; (b)
formation of the dye in the dark after illumination of the solution.

peroxide caused degradation of pararosaniline dye molecules
under visible light illumination. Degradation of the dye
under present conditions follows first-order kinetics with
the rate constantk = 0.072 min−1 (t1/2 = 9.63 min, r =
0.987). We assume that the excitation of pararosaniline dye
molecules is followed by a reaction with hydrogen perox-
ide which results in hydroxyl radical production and leads
to decomposition of the dye. Cation radical produced by
charge transfer reaction can be degraded in reaction with
hydroxyl radicals also

Dye+ hν → Dye∗ (1)

Dye∗ + H2O2 → Dye+ + •OH + OH− (2)

Dye or Dye+ + •OH → Products (3)

Fig. 3. Spectral changes of pararosaniline dye solution during illumination
in the presence of 1× 10−3 mol dm−3 H2O2. Argon saturated solution
(wavelengths >400 nm).

Photo-Fenton reaction is known as one of the most effective
methods of generation of hydroxyl radicals. Photo-Fenton
experiments were performed in the presence of 5× 10−4

mol dm−3 H2O2 and 5 × 10−4 mol dm−3 Fe2+ under
visible light illumination. Under these experimental condi-
tions pararosaniline dye was decomposed very fast (within
2 min). This observation confirms that degradation of
pararosaniline dye is caused by reaction with hydroxyl
radicals.

3.3. TiO2-assisted photodegradation

The degradation of aqueous suspension of pararosaniline
dye was performed in the presence of TiO2 as a photocata-
lyst and O2 as an electron acceptor. The absorption bands of
the absorption spectra corresponding to the dye decreased
during illumination (Fig. 4), and disappeared after 20 min
indicating the total degradation of dye molecules. During
illumination no new absorption bands appeared both in the
visible and ultraviolet regions, especially absorption bands
of aromatic compounds and other similar intermediates. This
is a marked contrast to the direct photocatalyzed degrada-
tion of many organics in the presence of TiO2 under UV
illumination, in which they are easily detected by absorp-
tion spectra [18]. Small decrease of the pH of the solution
of about 0.2 units can be ascribed to the formation of some
acidic products of the dye degradation.

The degradation of pararosaniline dye in oxygenated TiO2
suspension (Fig. 4, inset) follows first-order kinetics with the
rate constantk = 0.143 min−1 (t1/2 = 4.85 min,r = 0.994).
Based on the mechanism of the sensitized photocatalysis
under visible light illumination [12–15] the following reac-
tions (Eqs. (4)–(6)) may be proposed for the degradation of
pararosaniline dye in the presence of TiO2 in oxygenated
aqueous solutions:

Dye∗ + TiO2 → Dye+ + TiO2(e
−) (4)

TiO2(e
−) + O2 → O2

− (5)

Dye+ + O2
− → DO2 → Product (6)

Since the photoassisted degradation mechanism proposes
direct electron injection from the excited dye to the conduc-
tion band of TiO2, pararosaniline dye molecules must
be adsorbed on the semiconductor surface. We obser-
ved that about 0.9�mol/g TiO2 were adsorbed from
1× 10−5 mol dm−3 solution of pararosaniline dye, which is
22.5±3.5% of the initial concentration. The obtained value
represents the average value of several measurements. This
observation is in accordance with the proposed mechanism
of sensitized photocatalysis.

Hydrogen peroxide was used throughout this study as
an alternative electron acceptor. Hydrogen peroxide was
considered to have two functions in the process of pho-
toassisted degradation [19]. It accepts electrons from the
conduction band and thus promotes the formation of OH
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Fig. 4. Absorption spectra of pararosaniline dye in aqueous TiO2 dispersion with illumination time. Inset: first-order kinetics plot.

radicals (Eq. (7))

TiO2(e
−) + H2O2 → •OH + OH− + TiO2 (7)

susceptible to attack the dye (Eq. (3)). Experiments were
carried out in deoxygenated solutions. The similar changes
in absorption spectra were observed under present experi-
mental conditions in comparison with the results obtained in
experiments using oxygen (Fig. 5). Degradation also follows
first-order kinetics with the rate constantk = 0.127 min−1

(t1/2 = 5.46 min, r = 0.994). The initial concentration of
H2O2 in the range of 5×10−4–3×10−3 mol dm−3 does not
affect significantly the degradation rate.

In the presence of H2O2 in TiO2 dispersion pararosaniline
dye molecules could undergo two degradation reactions: a
reaction taking place at the surface of the TiO2 particles

Fig. 5. Variation in the absorption spectra of pararosaniline dye in aqueous TiO2 dispersion in the presence of 1×10−3 mol dm−3 H2O2 during illumination.
Argon saturated solution. Inset: first-order kinetics plot.

(Eqs. (3) and (7)) and a reaction occurring in the bulk of the
solution (Eqs. (2) and (3)). Thus, the observed degradation
rate should be the sum of these two reaction rates. The effect
of the reduction of the degradation rate of pararosaniline
dye we detected in the presence of H2O2 is quite different
from that obtained in direct photocatalysis using UV–TiO2
systems. In these systems a significant enhancement on the
degradation rate has been detected when H2O2 was added
into the suspension [20–22]. Under the same conditions as
in this study (concentrations of H2O2, O2 and TiO2) 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
of the difference in the primary mechanisms of direct and
sensitized photocatalysis [14].



M.M. Kosanić, J.S. Tričković / Journal of Photochemistry and Photobiology A: Chemistry 149 (2002) 247–251 251

4. Conclusions

Experimental results indicate that visible light illumina-
tion of the pararosaniline dye solution does not degrade dye
molecules. New bands appeared neither in ultraviolet nor
visible region. Illumination in the presence of hydrogen per-
oxide causes decomposition of the dye. Very fast destruc-
tion by photo-Fenton reaction points out that degradation of
the dye is caused by reaction with hydroxyl radicals. Sensi-
tized photocatalytic process using TiO2 as a semiconductor
leads to degradation of dye molecules also. Reduction of
the rate of degradation was obtained in the presence of hy-
drogen peroxide as an electron acceptor instead of oxygen.
The obtained results confirm that the sensitized photocatal-
ysis extends the range of excitation energies into the visible
region, making use of solar energy for the destruction of
colored pollutants.

Acknowledgements

The authors wish to thank Mrs. Zlata Novakov for the
quality of assistance in conducting experiments.

References

[1] O. Legrini, E. Oliveros, A.M. Braun, Chem. Rev. 93 (1993) 671.
[2] D.F. Ollis, H. Al-Ekabi (Eds.), Photocatalytic Purification and

Treatment of Water and Air, Elsevier, Amsterdam, 1993.

[3] M.R. Hoffmann, S.T. Martin, W. Choi, D.W. Bahnemann, Chem.
Rev. 95 (1995) 69.

[4] D.M. Blake, Bibliography of Work on Photocatalytic Removal of
Hazardous Compounds from Water and Air, NREL/TP 570-26797,
National Renewable Energy Laboratory, Golden, CO, 1999.

[5] J.M. Herrmann, Catal. Today 53 (1999) 115.
[6] F. Zhang, J. Zhao, L. Zang, H. Hidaka, N. Serpone, E. Pelizzetti, J.

Mol. Catal. 120 (1997) 173.
[7] F. Zang, J. Zhao, T. Shen, H. Hidaka, E. Pelizzetti, N. Serpone,

Appl. Catal. B 15 (1998) 147.
[8] P. Qu, J. Zhao, T. Shen, H. Hidaka, J. Mol. Catal. A 129 (1998) 257.
[9] T. Wu, G. Liu, J. Zhao, H. Hidaka, N. Serpone, J. Phys. Chem. 102

(1998) 5845.
[10] T. Wu, T. Lin, J. Zhao, H. Hidaka, N. Serpone, Environ. Sci. Technol.

33 (1999) 1379.
[11] G. Liu, T. Wu, J. Zhao, H. Hidaka, N. Serpone, Environ. Sci. Technol.

33 (1999) 2081.
[12] R. Rossetti, L.E. Brus, J. Am. Chem. Soc. 106 (1984) 4336.
[13] K. Vinodgopal, P.V. Kamat, J. Photochem. Photobiol. A 83 (1994)

141.
[14] M.S. Dieckmann, K.A. Gray, Wat. Res. 30 (1996) 1169.
[15] J. He, J. Zhao, T. Shen, H. Hidaka, N. Serpone, J. Phys. Chem. 101

(1997) 9027.
[16] W.L. McLaughlin, Int. J. Appl. Radiat. Isotopes 17 (1966) 85.
[17] W.L. McLaughlin, M.M. Kosaníc, Int. J. Appl. Radiat. Isotopes 25

(1974) 249.
[18] H. Hidaka, J. Zhao, E. Pelizzetti, N. Serpone, J. Phys. Chem. 96

(1992) 2226.
[19] I. Poulios, M. Kositzi, A. Kouras, J. Photochem. Photobiol. A 115

(1998) 175.
[20] D.F. Ollis, E. Pelizzetti, N. Serpone, Environ. Sci. Technol. 25 (1991)

1523.
[21] A.P. Rivera, K. Tanaka, T. Hisanaga, Appl. Catal. B 3 (1993) 37.
[22] L. Sun, J.R. Bolton, J. Phys. Chem. 100 (1996) 4127.
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