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Abstract

In this work, two mono azo dyes : 4-(2- benzoic acid azo )-m-amino phenol (BAMAP), and
4-(2-benzoic acid azo)-P-amino phenol (BAPAP)have been synthesized and identified by FT-IR
spectroscopy. UV-Visible absorption spectra were recorded and some physical and chemical
properties have been listed.

The photodegradation of dyes was investigated by using the light of tungsten lamp in presence
and absence of titanium dioxide (anatase). It has been found that the increasing of TiO, mass
caused an increasing in photodegradation of two dyes until the optimum mass (2gm/l) was reached.
Also, the results indicate, that the basic media give more photodegradation rate than acidic medium,
moreover ,the effect of temperatures in the range (298-323K) on degraded dye was studied ,and the
activation energy of photodegradation processes was calculated from Arrhenius plot wh1ch equal
35.82KJ.mol " for BAMAP and 32.11KJ.mol™ for BAPAP The results showed the photoreactlon is
1 order ,with decomposition constant equal 2.362x10*min” for BAMAP and 2.826x10™ min™ for
BAPAP at 298k and neutral medium.

Generally, it has been found that the rate of photodegradation of BAPAP is more than BAMAP,
and the decolonization rate of the two dyes was higher in presence of TiO, suspension.
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Introduction

The presence of azo dyes and other water
contaminations in dye bath effluents and
existing of those in waste water treatment
stations, indicate that these chemicals resist the
natural biological degradation and other
environmental conditions, for this reason ,the

concentration of adsorbate, pH, size of TiO2
particles, temperature, light intensity, and
TiO2 type.

Generally, the heterogeneous means
photocatalytic processes using semiconductors
(TiO2 , ZnO, ..... ) are considered suitable to
the degradation of water contaminants. The

azo dyes and other water contaminations have
a high atention in recent years'' > ). The
semiconductor TiO2 can generate highly
degrading hydroxyl radical under exposing to
UV illumination, as the mechanism © below
showes: Titanium dioxide has important uses
in heterogeneous catalysis as a result of its
stability toward heat and photo corrosion. The
rate of photooxidation depends on important
factors such as quantity of TiO2,

TiO; +hv — TiO, (e /h")

TiO, (h" ) + Hy0.4 — TiO; + OHygs +H
TiO, (h") + OHug — TiO; + OHyg

¢ :electron , h':hole ,ads: adsorption

thin films of semiconductors witnessed a high
expansion in recent years as a new process
to color removal of dyes and other compounds
in water . The application of illuminated
semiconductors for the remediation of
contaminants has been used successfully for a
wide variety of compounds "°' such as
alkenes, aliphatic alcohols, aliphatic
carboxylic acids, and dyes.

Oxygen can trap the electron and generates the hydroxyl radical:

TlOZ (ei) + 02 ads —> OZads + TlOZ
Onadgs + H" — HO,

O24¢s + HO, — OH + O, + Hy0O,
2HO, — H,0, + 0O,

0O, + Hb,O — OH + HO,



Semiconductor photocatalysis with a
primary focus on TiO, as a durable
photocatalyst have been applied to a varity of
problems of environmental interest, in addition
to water and air purification. It has been shown
very useful for the destruction of
microorganisms such as bacteria *, viruses
18 inactivation of cancer cell /7 '®  odor
control ' | photosplitting of water to produce
hydrogen gas ®°*?, fixation of nitrogen % |
and for the clean up of oil spills ®* 27

The aim of the present work is to evaluate
the efficiency of applying photocatalysis to
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degrade organic contaminants in water such as
dyes. Synthesized azo dyes: 4-(2-benzoic acid
azo)-m-amino phenol (BAMAP) and 4-(2-
benzoic acid azo)-P-amino phenol (BAMAP)
were used as a model compound because it
was possible to use UV-visible spectroscopy to
monitor the degradation under different
conditions: such as azo dyes concentration,
pH, TiO; concentration. Scheme (1) shows the
structural formula of synthesized dyes.

COCH OH
COOCH

X N—=N

N—/—=N OH
=

(BAPAP)
HoN N
(BAMAP) k
Scheme (1) : Structural formula for synthesized azo dyes.
Experimental with cold distilled water for several times and

A. Materials :

All chemicals obtained in this work were
used without further purification: p-amino
phenol, m-amino phenol, 2-aminobenzoic
acid, sodium nitrite, hydrochloric acid, and
ethanol were supplied by BDH ,Titanium
dioxide (TiO;) Degussa—P25 mainly anatase
70 % with surface area of 55 m* / g and mean
size of 22-35 nm “Y NaOH and HCI were
supplied by Riedel De haen.

B-Preparation of dyes:

The two dyes were synthesized by
coupling reaction using equimolar amounts
from 2-aminobenzoic acid and coupling
compounds (p-Amino phenol and m-Amino
phenol) .To 25 ml of mixture of distilled water
and sulphuric acid (96%)1:1, 0.025 mol of
2-aminobenzoic acid was added, and the
mixture was stirred at temperature below (5°C)
for one hour. To this mixture an aqueous
solution (10ml) of coupling compound
(0.025mol) was added, and the mixture was
stirred at room temperature overnight. The dye
product was isolated by filtration through a
0.22 pum Millipore filter paper, and washed
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recrystallized from ethanol, then dried at 80 °C
for three hours and weighed. The purity of
dyes was checked wusing thin layer
chromatography and the eluent (acetic acid:
ethanol: water) (2:4:4) respectively. Ry values
of dyes were measured and silica gel was
supported on glass plate. The physical and
chemical data of two dyes are given in
Table (1).

C-Spectroscopic Measurements:

UV- visible spectra of aqueous solutions of
synthesized dyes were recorded by Shimadzu
UV-Visible 1650PC spectrophotometer. FT-IR
spectra were recorded on Shimadzu FT-IR
8400S spectrophotometer using KBr disk in
the range400-4000cm™.

D-Photodegradation processes:

The photodegradation of dyes was
performed by irradiating the aqueous solution
of certain dye in 50 ml quartz cell with light of
high pressure mercury lamp 200 W lamps
(HPML) in the presence of TiO, suspension
and stirring the suspension continuously. The
temperature of suspension was maintained by
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using regulator water bath .Samples for kinetic
study were taken from reactor by syringe
through the reaction. The quantity of
undegraded dye was estimated in the A ., of
dye using after remove the TiO, by filtration.
The pH of suspension was controlled by
using NaOH and HCL Some experiments
were performed without TiO, to investigate
the effect of later on efficiency of
photodegradation process.

Result and Discussion

The scope of the present work is the
searching for the available and suitable
processes to minimizing the environmental
hazardous of spilling effluents of azo dyes
baths. The synthesized dyes in this work have
a good molar absorbance coefficient in the
uv-visible region as Table (1). In direct
photolysis  (without TiO;), 90 min of
irradiation, no direct photodegradation was
observed for two dyes because the molar
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absorptivities are very low at the radiation
wavelength range used. Consequently, there is
no place to a possible photo alteration process
of the molecules. Thus, degradation of these
dyes is exclusively due to photoactivation of
the TiO; catalyst. Figs. (1) and (2) show that
the absorption of the visible band at Amax of
all dyes decreased with the time (0,15,30,60
and 90 min), this trend suggests that the dyes
start to degrade with time. Also, Figs. (3) and
(4) clearly show the existence of N=N
stretching frequency of two dyes which appear
at 1450cm™ for BAPAP and 1445cm™ at for
BAMAP which indicating that the reactions
between 2-aminobenzoic acid and two
coupling components are take place. Also,
from these data, we can say that the
synthesized two azo dyes have good
acceptable spectral properties to be used as a
photosensitizers.

Table (1)
Some physical, chemical and spectroscopic properties of synthesized dyes.

Yield%

orange

brownish

The kinetic study of photodegradation of
dyes in TiO, suspensions under visible light
has often been modeled to the Differential
method , data from this method allowed
the assessment of decolourisation as a
first-order kinetic relationship as Fig.(5), with
decomposition constant equal 2.362x10™s™ for
BAMAP and 2.826x10"s' for BAPAP.
Fig. (6) shows the influence of TiO, mass on
photodegradation of two azo dyes. It is clear
that the rates in the absence of Ti0O, are equal
to zero in comparison with the existence of
TiO, particles as a result of the adsorbed
molecules of colored dye on to TiO, surface.
The optimum quantity of photocatalyst is
2g/L, so this concentration was fixed in all
followed experiments. It is clear that the TiO,
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is an important factor in photodegradation
process which are due to the adsorbing of dyes
over TiO; particles and the photodegradation is
driven by injecting of an electron from excited
state of dye into the conduction band of TiO,
particles which leads to the oxidation of dye
molecules, also the electron of conduction
band caused by moving the electrons from
valence band and these electron may be used
to drive another photoreactions of dye
molecules in different routs. The result of
photodegradation of two dyes illustrate that the
rate of degradation process depends on
concentration of Ti0O,. Figs. (7) and (8) show
the depletion of concentration as a function
variation of pH medium. From those figures
and Fig.(9), it is clear that the rate of



photodegradation of two dyes increases as the
pH value increases and reaches the maximum
rate at pH of 8, and may be the efficiency is
increased if the pH increases more than pH
of 8. The effect of temperature in the range
(298-323K) was investigated, which indicates
the positive effect of increasing temperature of
two dyes as Fig.(10) clarifies. The activation
energy of photodegradation processes was
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concluded from Arrhenius plot which
equal 35.82KJ.mol’ for BAMAP and
32.11KJ.mol"  for BAPAP. The dye

concentration is an essential factor in this
process. The decreasing of concentration
enhances the photodegradation rate. Fig.(11)
presents that this realation is not too linearity.

[TIECTRTT] TR, B

Fig. (1) : Absorption spectra for irradiated of BAPAP dye at different time .

Fig. (2) : Absorption spectra for irradiated of BAMAP dye at different time .
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Fig. (3) : FTIR- spectrum for BAPAP .
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Fig. (4) : FTIR- spectrum for BAMAP.
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Fig. (5): Plot of first order kinetics of photodegradation for two dyes (4x10°mol/l) as a function
to time at 298K,pH of 7, TiO; (2gm/l).
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Fig. (6): Effect of TiO; concentration on the photodegradation rate of two dyes

(4x10”°mol/l), at 298K and pH of 7.
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Fig.(7): Influence of pH medium over concentration gradient of BAMAP dye

(4x10 5mol/l), at 298K and TiO, (2gm/l).
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Fig. (8): Influence of pH medium over concentration gradient of BAPAP dye
(4x10 5mol/l), at 298K and TiO, (2gm/l).
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Fig.(9): Influence of pH medium over photodegradation rate of two dyes (4x10”°mol/l),
at 298K and TiO; (2gm/1 ).
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Fig.(10): Arrhenius plotting of photodegradation for two dyes (4x10°mol/l) as a function
to time at pH of 7, TiO; (2gm/l).
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Fig.(11): Effect of dye concentration on photocatalytic degradation rate at 298K,
PH of 7, TiO; (2gm/l).
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