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ABSTRACT
Owing to the potential toxicity of some dyes and drugs and their visibility in surface
waters, removal and degradation of them have attracted considerable worldwide attention.
A wide range of approaches have been developed for such purpose. Nano SnO2
photocatalyst supported in polymer as a thin film was used on the degradation of organic
dyes and phamcutical waste Ciprofloxacin and Acridine orange dye which have wide range
of applications. In this study, The results showed that SnO 2 thin film photocatalyst
exhibited the best photodegradation efficiency of Ciprofloxacin and Acridine orange, so it
was chosen to decolorize them. The reusability of SnO 2 thin film also was tested by
applying for multi uses on its degradation process. The operational parameters were
investigated in order to be optimized to the best conditions which result in complete
removal of organic pollutants and pharmcutical pollutants from aqueous solution. It was
found that the degradation of them depends on several parameters such as irradiation time,
initial pollutants concentration, pH of the pollutants solution, the presence of electron
acceptors such as hydrogen peroxide and concentration and the energy of the applied
radiation. The effect of presence of other substances such as inorganic ions was also
examined. Kinetic studies of phototcatalytic degradation of Acridine orange and
Ciprofloxacin were carried out. The apparent rate constant (k app) of the two reactions was
estimated according to Langmuir–Hinshelwood (L–H) equation. The results obtained
showed that SnO2 is the most active photocatalyts for acridine orange and Ciprofloxacin
degradation. SnO2 photocatalyst was used through five successive batches and close results
were obtained. The optimum conditions of photocatalytic degradation of the dye and drug
are as the following5 Percent degradation was increased with irradiation time. The
degradation efficiency decreased as the initial concentration of the two dyes increased. The
optimum pH of the solution was 3 for Ciprofloxacin and 11 for Acridine orange. The
degradation efficiency was maximum at H 2O2 concentration of 0.01M added to
Ciprofloxacin solution while 0.1M was the best H 2O2 concentration should be added to
Acridine orange. The maximum catalytic degradation of Acridine orange was achieved
upon applying UV light 254nm. Apparent rate constant (kapp) of photocatalytic
degradation of 5×10 -5 M Acridine orange utilizing SnO 2 thin film was estimated and found
to be 0.0116 min-1 while that for photocatalytic degradation of 10×10-5 M Ciprofloxacin
utilizing SnO2 thin film was 0.0082 min -1.
Key words:
Photodegradation, nanoparticle, Acridine orange dye, Ciprofloxacine, photocatalytic thin
film
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الملخص بالعربية

التحطيم الضوئي لبعض األدوية والصبغات باستخدام شريحة من حبيبات نانوية
تعتبر األصباغ العضوية مف أهـ المموثات العديػد التػ يػتـ تصػري فا مػ ميػار الصػرؼ الصػ

.ونظػ ار

لسػػمية تمػػؾ األصػػباغ ودورهػػا مػ تلييػػر لػػوف الميػػار وطبيعتػ  ,كانػػت لمميػػة تنظيػػؼ ميػػار المصػػانا المموثػػة
بتمؾ األصباغ وتكسير هذر المركبات العضوية اهتماما لاما مشتركا بيف البا ثيف وؿ العالـ.
كثير مف الدراسات واألب ػا

تػـ رارااهػا باسػت داـ ال ػازات الضػورية ميػر المتاانسػة الصػمبة مثػؿ

أكسػ ػ ػ ػػيد الزنػ ػ ػ ػػؾ) ,(ZnOثػ ػ ػ ػػان أكسػ ػ ػ ػػيد ال صػ ػ ػ ػػدير) (SnO2و أكسػػ ػ ػػيد الكوبمػػ ػ ػػت)(Co3O4وأكسػ ػ ػ ػػيد ال ديػ ػ ػ ػػد

الثالث ػ  , Fe2O3وتػػـ رد ػػاؿ العديػػد مػػف التعػػديالت و التطػػويرات لمػػح هػػذر العمميػػة ي ػ

أصػػب ت هػػذر

العممية مااال ديثا م لممية تن ية الميار.

م هذر الدراسة ,است دـ ثػان أكسػيد ال صػدير) (SnO2لتكسػير كػال مػف صػبلة Acridine orange

العضوية ودواء  Ciprofloxacinوذلؾ بعدما تـ ا تبار ك اء العديد مػف ال ػازات وأوضػ ت النتػار اف
أكسيد ال صدير هو األمضؿ م تكسير هاتيف المادتيف لمح صور شري ة رقي ة مف البوليمر.

ت ػ ػػـ ا تبػ ػػار قابم ػ ػػة ال ػ ػػاز لػ ػػاد االسػ ػػت داـ-االسػ ػػت داـ المتك ػ ػػرر -وذلػ ػػؾ بػ ػػةاراء لممي ػ ػػة الت ط ػ ػػيـ

ال زضػػور م ػرات لديػػد وذلػػؾ لت يػػيـ ثبػػات ك ػػاء ال ػػاز .وقػػد أس ػ رت نتػػار الد ارسػػة لػػف ثبػػات أكسػػيد
ال ارصيف وك اءت بعد است دام لعد مرات.

الظػػروؼ المثاليػػة لمعوام ػػؿ المػػاثر مػ ػ لمميػػة الت ط ػػيـ ال زضػػور لص ػػبلةAcridine orange

العضوية ودواء  Ciprofloxacinقيد الدراسة تـ ا تبارها الؿ دراسات متعدد لتمؾ العوامػؿ ومػف ثػـ تػـ

ت ديػػدها وضػػبطفا مػف أاػػؿ ت يػػؽ أمضػػؿ ك ػػاء مػ ت طػػيـ تػػاـ لمصػػبلة والػػدواء قيػػد الد ارسػػة ,ومػػف ه ػذر

العوامػػؿ زمف التعػػرل لإشػػعاع م ػ واػػود ال ػػاز ,التركيػػز االبتػػدار لمصػػبلة ,دراػػة موضػػة الم مػػوؿ,
واود وتركيز مست بالت ا لكترونات مثؿ موؽ أكسيد الفيدروايف وطاقة مصدر الضوء المسػت دـ ,وأثػر
واود العديد مف المواد المواود طبيعيا م الميار مثؿ األيونات مير العضوية .

أظفرت نتار

الدراسة أف الظروؼ المثالية لت طيـ صبلة  Acridine orangeالعضوية

ودواء  Ciprofloxacinه كالتال
 أظفر أكسيد ال ارصيف ألمح ك اء م لممية تكسير المادتيف.
 تزداد نسبة التكسير لممموثات كمما زاد زمف التعرل لألشعة وال از.
 تزداد ك اء الت الؿ كمما قؿ التركيز االبتدار لمماد المموثة.
 دراػػة ال موضػػة المثمػػح لػػدواء  Ciprofloxacinهػ  3بينمػػا  11لصػػبلة Acridine orange
العضوية .
IV

 التركيز المثال ل وؽ أكسيد الفيدروايف الذي ياػ

رضػامت لم مػوؿ صػبلة Acridine orangeواػد

أن  1.0مولر  ,ولدواء . Ciprofloxacin
 واود األيونات مير العضوية كاف ل تأثير سمب لمح ك اء العممية.
 أمضؿ طوؿ موا

لت يؽ أمضؿ ك اء لمعممية هو األشعة موؽ البن ساية ذات الطوؿ الموا

 452نانوميتر.
 أاريت الدراسات ال ركية ل سا

قيمة ثابت الت الؿ لكال الصبلتيف قيد الدراسة وقد واد أف ثابت

الت الؿ لماد  Acridine orangeذي التركيز  5-01×5موالر يساوي  1.1001دقي ة
يساوي 1.1145دقي ة 1-لماد  Ciprofloxacinذات التركيز 5-01×5موالر.
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Chapter (1)
Introduction

Introduction
During the past several decades, fast and relatively uncontrolled population growth and
also industrial, agricultural and technological developments have adversely affected the
environment and human health [1,2]. Especially wastewater effluents of industrial
manufacturing companies contain toxic organic compounds [3]. Very small amounts of
pharmaceuticals present in everyday food may generate strains of resistant
microorganisms in human and animal organisms [4]. A lot of studies have been
concentrated on the degradation of toxic organic compounds in waste water via
photocatalysis of various semiconductors [5,6]. The fact that, among other common
water pollutants, pharmacy wastewater pollutants such as Ciprofloxacin undergoes
photocatalytic degradation to produce less harmful products indicates some potential for
photocatalytic treatments of waste water utilizing semiconductor and UV light.
Semiconductor photocatalysis has attracted interest in the recent years due to its potential
contribution to environmental problems. Most of the dyes and pharmaceutical waste are
often toxic and also take a long time to degrade. The release of those colored waste water
and pharmaceutical waste in the environment is a considerable source of pollution and
can lead to dangerous byproducts through oxidation, hydrolysis, or other chemical
reactions taking place in the wastewater phase [7]. Decolorization of dye effluents has
therefore received an increasing attention. For the removal of dye pollutants, traditional
physical techniques (adsorption on activated carbon, ultrafiltration, reverse osmosis,
coagulation by chemical agents, ion exchange on synthetic adsorbent resins, etc.) can
generally be used efficiently. Nevertheless, they are non-destructive, since they just
transfer organic compound from water to another phase, thus causing secondary
pollution. Consequently, regeneration of the adsorbent materials and post-treatment of
solid-wastes, which are expensive operations, are needed [8-11]. Due to the large degree
of aromatics present in dye and drug molecules and their stability, conventional
biological treatment methods are ineffective for decolorization and degradation [12].
Furthermore, the majority of dyes are only adsorbed on the sludge and is not degraded
effectively [13,14]. Chlorination and ozonation are also being used for the removal of
certain dyes but at slower rates as they have often high operating costs [7,9 ,15]. These
are the reasons why advanced oxidation processes (AOPs) have been growing during the
last decade since they are able to deal with the problem of dye destruction in aqueous
systems. AOPs were based on the generation of very reactive species such as hydroxyl
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radicals (OH● ) that oxidize a broad range of pollutants quickly and non-selectively
[11,16]. AOPs such as Fenton and photo-Fenton catalytic reactions H2O2/UV processes
and semiconductor mediated photocatalysis have been studied under a broad range of
experimental conditions in order to clear up the contaminated water [15-21]. In recent
years, interest in photocatalysis has been focused on the use of semiconducting materials
as photocatalysts for the removal of ambient concentrations of organic and inorganic
species from aqueous or gas phase systems in environmental clean-up, drinking water
treatment, industrial and health applications.

1.1 Heterogeneous semiconductor photocatalysis
The most important among the advanced oxidation processes is what so called
heterogeneous photocatalytic oxidation which is often referred to as photocatalysis. This
method deals with the oxidation mostly of organic molecules and compounds by means
of solid metal oxide semiconductors as catalyst, which are activated by the incidence of
radiation of an appropriate wavelength. It can take place both in the aqueous phase as
well as in the gas phase. Among AOPs, heterogeneous photocatalysis appears as the most
emerging destructive technology. Chemical treatment of wastewaters by AOPs can result
in the complete mineralization of the pollutants to simple harmless end products such as
carbon dioxide,water and inorganic salts. Ideally, a semiconducting photocatalyst for the
purification of water should be chemically and biologically inert, photocatalitcally active,
easy to produce and use, and activated by UV or sunlight [9,22].
1.2 Photocatalytic degradation mechanism
Generally, there are four essential key steps in the mechanism of heterogeneous
photocatalysis on the surface of semiconductor, as follows:(1) charge carriers generation,
(2) charge carriers trapping, (3) charge carriers recombination and (4) photocatalytic
degradation of organic pollutants.
1.2.1 Charge carriers generation
Upon irradiation of semiconductor with UV light energy of equivalent or greater than its
band gap energy, an electron is excited from the valence band (VB) to the conduction
band (CB) leaving electron-hole pairs. Scheme (1.1) illustrates the mechanism of
electron–hole pairs generation when the semiconductor material such as metal oxide
(MO) is irradiated with sufficient light energy (hv). The excitation leaves behind a
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positive hole in the valence band (VB) and therefore creating the electron–hole pair (eh+) as the following equation:
MO+hv(UV)→MO (e - cb + h+ vb );

(1.1)

1.2.2 Charge-carriers trapping
The e–h+ pair is trapped by electron and hole scavengers and inhibited from
recombination. The positive hole is a strong oxidant, which can either directly oxidize
adsorbate pollutants or react with water or electron donors such as hydroxyl ions OH─ to
form hydroxyl radical HO•, which is also a potential oxidizing agent.
h++ H2O→ OH● +H+
+

(1.2)

●

h +OH─ →OH

(1.3)

On the other hand, it is important for the electron in the conduction band (CB) to be
scavenged by an electron acceptor to suppress its recombination with the trapped hole.
One of the efficient electron acceptors is molecular oxygen (O 2). Through the reduction
of O2 with electron, reactive superoxide radical anions O 2●−are produced. Together with
other oxidizing species such as hydroperoxyl radicals (HO2● ) and hydrogen peroxide
(H2O2) are also subsequently formed. The additional OH● radicals are generated through
the following reactions
O2+e- → O2●−

(1.4)

O2●−+H+ → HO2●

(1.5)

H2O2 +e– → OH● + OH–

(1.6)

H2O2+ O2● – →OH─ + OH● + O2

(1.7)

●

H2O2+ hv →2OH

(1.8)

1.2.3 Charge-carriers recombination
In competition with charge transfer process, there is the opportunity that both e –h+ pair
recombination and trapped carrier recombination happen. This recombination can occur
either in the volume of the photocatalyst or on the surface of photocatalyst with a
byproduct of heat liberation.
MO(e-+h)+ →MO + heat

(1.9)

4

1.2.4 Photocatalytic degradation of organic compounds
The primary photoreactions (1.1)–(1.9) indicate the important role of e- h+ pairs in
photocatalytic degradation. Essentially OH● , HO● 2 and O● 2 radicals as well as
photogenerated hole (h+) are highly reactive intermediates that will attack repeatedly in
the reacting system and ultimately lead to complete mineralization of the organic
pollutant. The following reactions illustrate the role of OH•, h+ and e- as oxidativereductive species [23].
R-H+OH● →R● + H2O

(1.10)

R+h+vb→ R+

(1.11)

R+ e- → R●
●

(1.12)
●

R +O2+ HO2 →CO2+H2O

(1.13)

Scheme (1.1): Mechanism of photocatalytic degradation of organic compounds utilizing metal oxide
semiconductor as photocatalyst [23]

1.3 Semiconducting Photocatalysts
Heterogeneous photocatalysis utilizing different semiconductor photocatalysts such as
titanium dioxide (TiO2), Zinc oxide (ZnO), Tin oxide (SnO2), Zirconium oxide (ZrO2)
and Cadmium sulfide (CdS) has established their effectiveness in pollutant degradation
and eventually complete mineralization [24-30]. Semiconducting photocatalyst has a
very interesting mechanism when compared to other photocatalysts, which is due to its
high activity, chemical stability, very low aqueous solubility, non-toxicity, low cost and
environmentally friendly characteristics [1]. The Nano scaled metal oxides photocatalyst
have much higher photocatalytic activity than the bulk one, due to the following reasons:

5

1） Quantum size effect: when the particle diameter become less than a certain critical
value, the valence band and conduction band change into discrete level. The expanded
band gap shifts the conduction and valence band edges to more reducing and more
oxidizing potentials, respectively, where the valence band electric potential changes
more positive, otherwise the conduction electric potential changes more negative. Then
the oxidation-reduction capability of the electrons and holes is enhanced resulting in
improved activity.
2） Larger specific surface area: Reducing the particle size to Nano scale leads to a
considerable increase of the specific surface area, which means more atoms on the
surface that improve the adsorption capability of the catalyst to organic pollutants due to
improved number of active sites and by promoting charge transfer across the material
interfaces. The efficiency of photocatalysis is related with the lifetime spent by electrons
and holes to get to the surface of the particles. The smaller the particle diameter, the
shorter diffusion length and lifetime may be spent by carriers diffusing from inside to the
surface. It can get higher separated efficiency, and lower probability of electrons and
holes‟ combination. As a result, the higher photocatalytic activity can be achieved.
Therefore, the nano-zinc oxide has more photocatalysis efficiency than the common bulk
zinc oxide [26,31-35]. Interest has been directed towards the search for suitable
alternatives to TiO2. Many attempts have been made to study photocatalytic activity of
different semiconductors such as SnO2, ZrO2, CdS, Fe2O3, WO3 and ZnO [1,36].
1.3.1 Fe2O3
There are many semiconductor oxides, sulfides, and nitrides that show photocatalytic
activity. However, most oxides have anabsorption edge only in the UV region which
limits the usage of most of the solar spectrum [31, 37-42]. Although sulfides and nitrides
have a lower band gap, however the stability of these materials in an aqueous medium is
a major disadvantage. Hematite, or Fe 2O3, is one promising candidate for photocatalytic
applications due to its narrow band gap of about 2.0–2.2 eV. Furthermore, hematite
absorbs light up to 600 nm, collects up to 40% of the solar spectrum energy, stable in
most aqueous solutions (pH>3), and is one of the cheapest semiconductor materials
available[1,13,43]. Fig. (1.1) shows the crystal structure of Hematite, which the mineral
form of iron (III) oxide (Fe2O3), one of several iron oxides. Hematite crystallizes in the
rhombohedral lattice system, and it has the same crystal structure as ilmenite and
corundum..
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Among various oxide semiconductor photocatalysts Fe 2O3 is a promising photoanode
material for photoelectrochemical (PEC) water splitting as a result of which Fe 2O3 is
capable of absorbing a large portion of the visible solar spectrum (absorbance edge
600nm) [26,37,44-47]. Also its good chemical stability in aqueous medium, low cost,
abundance and nontoxic nature makes it a promising material for photocatalytic water
treatment and water splitting applications. Except these advantages the usage of Fe 2O3
has been restricted by many anomalies such as higher (e–h+) recombination effect, low
diffusion length and valence band positioning (VB is positive with respect to H +/H2
potential) [48-50].

Fig. (1.1): Crystal structure of α-Fe2O3 [51].

1.3.2 Zinc oxide:
ZnO is an n-type semiconductor [52] with a relatively wide band gap of about 3.3eVat
room temperature [53,54] ; therefore, pure ZnO is colorless. ZnO may exist in three
crystalline structures: rocksalt, zincblend and wurtzite (Fig1.3). However, the wurtzite
structure of ZnO is the thermodynamically stable phase. For this reason, ZnO has a
strong natural tendency to crystallize in the wurtzite structure and thus nearly all
photocatalytic studies are focused on this structure [23].

Fig. (1.2): Stick and ball representation of ZnO crystal structures: (a) cubic rocksalt; (b) cubic
zincblende; (c) hexagonal wurtzite. The shaded white and black spheres denote Zn and O atoms,
respectively.
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ZnO, a side from Fe 2O3, has been considered as a promising material for purification and
disinfection of water and air, and remediation of hazardous waste, owing to its high
activity, its powerful oxidation capability, nontoxicity, chemical stability [53], and low
cost environment friendly feature [55]. ZnO nanostructures can be synthesized into a
variety of morphologies including nanotubes, nanorods, nanowires, nanoparticles
etc[54]. The increase in surface area of nanoscaled zinc oxide compared to larger powder
has the potential to improve the activity of the catalyst [56]. One of the great advantages
of ZnO is that it absorbs over a larger portion of the solar spectrum than other catalysts
such as TiO2. Some of the most recent experimental results have shown that ZnO
actually exhibited higher photocatalytic activities than TiO2 and other semiconductor
catalysts such as CdS, WO3, Fe2O3, SnO2 and ZrO2 especially for degradation of dyes in
aqueous solution [17,57,54,56]. P-cresol was successfully removed by using ZnO
suspension as photocatalyst [64]. Effect of different operational conditions was
investigated. It was found that the greatest potential of ZnO to remove aqueous p-cresol
was under UV radiation and optimum pH was in the range betweenn6-9.
Photodegradation of vanillin using three catalysts, TiO2 (P25), Hombikat UV100 and
ZnO was investigated in a comparative study by Qamar M. and Muneer [58]. It was
found that TiO2 was the best photocatalyst to photomineralize vanillin. It was
recommended to choose the optimum operational conditions for any application of
photocatalyitc oxidation process and it was emphasized that the best degradation
conditions strongly depends on the kind of pollutant.
Movahedi et al. [59] investigated the photocatalytic degradation of Congo Red using
TiO2 and ZnO in a comparative study. It was found that ZnO is better than TiO 2 in
mineralization of Congo Red. They concluded that photodegradtion degree is obviously
dependent on the pH of the solution and the nature of dye [51]. Ed Deeb [60] studied the
photocatalytic degradation of Bromophenol bue (BPB) by using ZnO photocatalyst as
thin layer deposited on glass substrate. The results obtained showed that ZnO is the most
active photocatalyts for BPB degradation. El-Kemary etal have been studied the
Photocatalytic degradation of ciprofloxacin drug in water using ZnO nanoparticles. The
results showed that the photocatalytic degradation process is effective at pH 7 and 10, but
it is rather slow at pH 4. Higher degradation efficiency (∼50%) of the drug was observed
at pH 10 after 60min. Photodegradation of the drug follows a pseudo-first-order kinetics.
[61]. Zinc oxide was found an effective photocatalytic oxide for the removal of the dyes.
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1.3.3 SnO2
Tin dioxide (SnO2) is colorless inorganic amphoteric compound [62]. SnO2 is an n-type
semiconductor with wide energy gap (3.6eV) [63-68]. It crystallites mainly as a
tetragonal rutile structure (Fig 1.4),in which each tin atom is surrounded by six oxygen
atoms in an octahedral array and each oxygen is surrounded by three tin atoms in a
planar array[62,66].

Fig (1.3): Rutile structure of SnO2(Sn: white balls, O:red balls).

SnO2 has low electrical resistance and high optical transparency in the visible range of
the electromagnetic spectrum. These properties make tin oxide suitable for many
applications, particularly as an electrode material in solar cell, light emitting diodes,
transparent electromagnetic shielding materials and oxidation catalyst [69-71]. The
adjustment of the energy levels in the catalyst can be achieved by several means such as
doping semiconductors by multi valent ionswhich changes the catalytic activity due to a
shift of the Fermi level [72].
Yuan H. and Xu J. [73].studied the photocatalytic activities of nanoparticles tin oxides as
suspension using methyl orange (MO) as a model organic pollutant. The influences of
photocatalysts concentration, doping of different metal ions and pH of MO solution were
studied. It showed that well-crystalline SnO2 with the particle size of 30-40 nm can be
prepared by constant temperature hydrolysis sintered at 8000C, and the decoloration of
MO reaches 97% within 120min. Kim et a

[74] prepared TiO2/nanoporous SnO2

composite as powder and studied its photocatalytic performance for Bisphenol A
destruction. The performance and composite was compared with that of commercial
TiO2. The TiO2/nanoporous SnO2 composite showed better Bisphenol A destruction than
pure TiO2, with 10 ppm of Bisphenol A being removed 75% after 24hours. Ed Deeb [60]
studied the photocatalytic degradation of Safranin O by using SnO 2 photocatalyst as thin
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layer deposited on glass substrate. SnO2 showed the maximum efficiency in safranin O
removal. Yanga et a [75] studied the photodegradable polyvinyl chloride (PVC)–vitamin
C (VC)–TiO2 nano-composite film was prepared by embedding VC modified nano-TiO2
photocatalyst into the commercial PVC plastic. The results show that PVC–VC–TiO2
nano-composite film has a high photocatalytic activity; the photocatalytic degradation rate
of it is two times higher than that of PVC–TiO2 film and fifteen times higher than that of
pure PVC film. The optimal mass ratio of VC to TiO2 is found to be 0.5. The mechanism
of enhancing photocatalytic activity is attributed to the formation of a TiIV–VC chargetransfer complex with five-member chelate ring structure and a rapid photogenerated
charge separation is thus achieved.

1.3.4 Co3O4
Co3O4 has been prepared using porous silica as a hard template via a nanocasting route
and its electrocatalytic properties were investigated as an oxygen evolution catalyst for
the electrolysis of water. The ordered mesostructured Co3O4 shows dramatically
increased catalytic activity compared to that of bulk Co 3O4. Enhanced catalytic activity
was achieved with high porosity and surface area, and the water oxidation over potential
(η) of the ordered mesoporous Co 3O4 decreases significantly as the surface area
increases. The mesoporous Co3O4 also shows excellent structural stability in alkaline
media [51,23,52,54].
(Co3O4) has been considered as a promising material for catalysis, superconductors, and
as catalyst carrier; so it is used in Chemical industry oxidant, a catalyst for organic
synthesis; For the semiconductor industry and Heterogeneous catalysts [78,79,80,81].
Co3O4 adopts the normal spinel structure, with Co2+ ions in tetrahedral interstices and
Co3+ ions in the octahedral interstices of thecubic close-packed lattice of oxide anions.

Fig (1.4): Distorted octahedral coordination geometry of Co(III)
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1.4 Aims and Objectives:
The aim of ths work is to investigate the ability of metal oxide semiconducting
nanomaterials supported onto a polymeric substrate like PVC as a photocatalyst of the
degradation of Acridine Orange dye and the pharmaceutical waste Ciprofloxacin. The
removal of Acridine orange and Ciprofloxacin from wastewater effluents is an important
issue due to its essential and wide practical uses. The results showed that SnO2 thin film
photocatalyst exhibited the best photodegradation efficiency of Ciprofloxacin and
Acridine orange, so it was chosen to decolorize them. The reusability of SnO 2 thin film
also was tested by applying for multi uses on its degradation process. The operational
parameters were investigated in order to be optimized to the best conditions which result
in complete removal of organic pollutants and pharmcutical pollutants from aqueous
solution. It was found that the degradation of them depends on several parameters such
as irradiation time, initial pollutants concentration, pH of the pollutants solution, the
presence of electron acceptors such as hydrogen peroxide and concentration and the
energy of the applied radiation. The effect of presence of other substances such as
inorganic ions was also examined. Kinetic studies of phototcatalytic degradation of
Acridine orange and Ciprofloxacin were carried out. The apparent rate constant (k app) of
the two reactions was estimated according to Langmuir–Hinshelwood (L–H) equation.
The results obtained showed that SnO 2 is the most active photocatalyts for acridine
orange and Ciprofloxacin degradation. SnO2 photocatalyst was used through five
successive batches and close results were obtained. The optimum conditions of
photocatalytic degradation of the dye and drug are as the following5 Percent degradation
was increased with irradiation time. The degradation efficiency decreased as the initial
concentration of the two dyes increased.
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Acridine orange
In 1942, Hilbrich and Strugger were first described using acridine orange to detect the
fluorchromatic staining of microorganisms. Since then the use of acridine orange has been
performed frequently in the examination of soil and water for microbial content. Direct
counts of aquatic bacteria by using epifluorescent methods were evaluated by Jones and
Simon in 1975. They also determined that the best estimation of the bacterial population in
lake, river, and seawater samples can be achieved using acridine orange.
Acridine orange direct count (AODC) methodology has been used in the enumeration of
landfill bacteria. A study shows that the use of AODC in marine bacterial populations can
be compared favorably to fluorescent oligonucleotide direct counting (FODC) procedures.
Direct epifluoresent filter technique (DEFT) using acridine orange is specified in methods
for the microbial examination of food and water [76].
The use of Acridine Orange in clinical applications has become widely accepted; mainly
focusing on the use in highlighting bacteria in blood cultures. In 1980, a study involved the
comparing Acridine Orange staining with blind subcultures for the detection of positive
blood cultures was done by McCarthy and Senne. The results showed that the acridine
orange is a simple, inexpensive, rapid staining procedure that appeared to be more
sensitive than the Gram stain for detecting microorganism in clinical materials. Later on,
Lauer, Reller and Mirret performed a similar study, compared Acridine Orange with the
Gram stain for detecting the microorganisms in cerebrospinal fluid and other clinical
materials. As a result, they reached the same conclusion that was reported by McCarthy
and Senne [51].
There was a much interest in the researches that are focused on investigating that are
directed toward finding of new methods to remove polluted dyes from industrial
wastewaters. Acridine orange has been widely accepted and used in many different areas,
such as epifluorescence microscopy, the assessment of sperm chromatin quality. Acridine
orange stain is particularly useful in the rapid screening of normally sterile specimens, and
it‟s recommended for the use of fluorescent microscopic detection of microorganisms in
direct smears prepared from clinical and non-clinical materials. Acridine Orange was
chosen to be a model dye to be mineralized by photocatalysis by suitable metal oxide
semiconductor due to several reasons. Firstly, Acridine Orange degradation has ever been
studied by other researchers under the same conditions of this research. Secondly, Acridine
Orange may causes eye, skin, and respiratory tract irritation in addition to its visibility in
wastewaters and contamination effects [77] and it used also as a dye. Fig. (1.6) shows the
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chemical structure of Acridine Orange, where Preferred IUPAC name is N,N,N',N'Tetramethylacridine-3,6-diamine.While Systematic IUPAC name is 3-N,3-N,6-N,6-NTetramethylacridine-3,6-diamine, Chemical formula of Acridine Orange is C17H19N3. It is
Molar mass is 265.36 g·mol−1,and its a appearance is Orange powder.[78]

Fig(1.5):Chemical structure of acridine orange[51].

Other names: 3,6-Acridinediamine, Acridine Orange Base, Acridine Orange NO, Basic
Orange 14,Euchrysine, Rhoduline Orange, Rhoduline Orange N, Rhoduline Orange NO,
Solvent Orange 15, Waxoline Orange A.

Ciprofloxacin
By the end of the 20th century, growing concerns had emerged about the occurrence and
fate of pharmaceuticals in the environment, and these concerns have continued to grow
steadily ever since [79]. The reason why pharmaceuticals may become harmful in the
environment is that they are designed to affect biological objects. They have lipophilicity,
which enables them to permeate biomembranes, and stability, which prevents their
inactivation before the therapeutic effect. Therefore, drugs have the properties they need to
accumulate in organisms and cause changes in water and soil ecosystems. The annual
consumption of widely used drugs can be quite extensive [80]. Sewage sludge containing
drug residue is used as a fertilizer in fields [79]. Drugs reach the soil in this way, where
they can affect microorganisms and accumulate in plants. The lifetime of drugs in the
environment depends on the structure of their molecules. The microorganisms of soil
decompose drugs into either organic metabolites or carbon dioxide and water. The ability
to produce antibiotics is a longterm evolutionary process and represents an important factor
in the struggle for existence [79].
Synthetic and semi-synthetic antibacterial substances are currently in wide use. They are
„strangers‟ to nature and hard to degrade. Fluoroquinolones belong to a group of drugs that
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remain in the environment for a long period of time. The strong adsorption of
fluoroquinolones to manure and soil can be one reason for their slow degradation [81].
Ciprofloxacin is an antibiotic used to treat a number of bacterial infections [77]. This
includes bone and joint infections, intra-abdominal infections, certain type of infectious
diarrhea, respiratory tract infections, skin infections, typhoid fever, and urinary tract
infections. Ciprofloxacin was chosen to be a model drug to be mineralized by
photocatalysis by suitable metal oxide semiconductor due to several reasons:
The intake of drugs in small amounts can lead to liver damage. Allergic reactions like skin
rash, itching, breathing problems, confusion, nightmares or hallucinations, feeling faint or
lightheaded, falls irregular heartbeat, joint, muscle or tendon pain or swelling, pain or
trouble passing urine, persistent headache with or without blurred vision, redness,
blistering, peeling or loosening of the skin, including inside the mouth, seizure, unusual
pain, numbness, tingling, or weakness, cause, severe difficulty breathing or death. Fig.
(1.7) shows the chemical structure of Ciprofloxacin. Where; Ciprofloxacin IUPAC name is
1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline carboxylic acid.
Its empirical formula is C17H18FN3O3 and its molecular weight is 331.4 g/mol. It is a
faintly yellowish to light yellow crystalline substance [51]. Ciprofloxacin hydrochloride is
the monohydrochloride monohydrate salt of ciprofloxacin. It is a faintly yellowish to light
yellow crystalline substance with a molecular weight of 385.8 g/mol. Its empirical formula
is C17H18 FN3O3HCl•H2O.

Fig (1.6):Chemical structure of Ciprofloxacin [58].

The degradation of Ciprofloxacin and Acridine Orange dye by using suitable metal oxide
photocatalyst as thin film will be investigated in this study, and the operational conditions
of the phototcatalytic degradation processes such as: time of irradiaiton,initial dye
concentration, pH of solution, H2O2 concentration,energy of radiation and effect of cooccuring substances such as inorganic salts (NaCl,Na 2SO4,NaHCO3 and NaNO3) will be
investigated and optimized in order to achieve the best removal efficiency to guarantee
complete decolorization of the two pollutants.

04

Chapter (2)
Experimental Set Up

Experimental Work
Different chemicals and equipments were used in this work and listed in table 2.1.The
Acridine Orange and Ciprofloxacin aqueous solution were prepared with different
concentration by diluting a stock solution of (5×10-3M) and (5×10-5M) of Acridine Orange
and Ciprofloxacin, respectively.
The pH of Acridine Orange and Ciprofloxacin solution were adjusted to different values.
Furthermore, the addition of H2O2 with different concentration and the addition of different
salts were examined and studied
2.1Materials and Methods:
Several materials and chemicals were used in this work as listed in table (2.1)
Table (2.1) List of the used chemicals
Material

Chemical formula

Molecular Weight(g/mol)

Ciprofloxacin

C17H18 FN3O3

331.346

Acridine Orange

C17H19N3

265.36

Hydrogen peroxide

H2O2

34.01

Hydrochloric acid

HCl

36.45

Sodium Hydroxide

NaOH

40

PVC(polyvinyl chloride)

(C2H3Cl)n

Variable

THF(tetrahydro furan)

C4H8O

72.11

Zinc oxide

ZnO

81.39

Tin oxide

SnO2

150.71

cobalt oxide

Co3O4

240.80

Ferric Oxide

Fe2O3

159.69

Sodium chloride

NaCl

58.44

Sodium bicarbonate

NaHCO3

83.98

Sodium sulphate

Na2SO4

125.97

Sodium nitrate

NaNO3

84.98
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2.2 Solutions preparation:
The following solutions were prepared:


Ciprofloxacin stock solution (5×10-3M)



Acridine Orange stock solution (5×10-5M)



Ciprofloxacin solutions of different pH values (3, 5, 9, 11).



Acridine Orange solutions of different pH values (3,5,9,11,11.5).



Ciprofloxacin solutions of different H2O2 concentrations (0M, 0.05M, 0.1M, 0.2M
and 0.5M).



Acridine Orange solutions of different H2O2 concentrations (0M,0.05M,0.1M,
0.15M and 0.2M).



Ciprofloxacin and Acridine Orange solutions containing 250 ppm salts (NaCl,
NaNO3, Na2SO4, NaHCO3).

2.2.1 Preparation of 5×10-3M Ciprofloxacin stock solution:
0.038gm g of Ciprofloxacin powder was dissolved in distilled water to obtain 1×10 -3 M
stock solution. Different standard solutions of 1×10-5 M, 5×10-5 M, 10×10-5 M and
12×10-5 M were prepared by dilution.
2.2.2 Preparation of 5×10-3M Acridine Orange stock solution:
0.07546g Acridine Orange dye was dissolved in 250ml distilled water. Different standard
solutions of 1×10-5M, 2×10-5M, 3×10-5M, 5×10×-5 M, 7×10-5M, 10×10-5M and 12×10-5M
were prepared by dilution from stock solution.
2.2.3 Ciprofloxacin and Acridine Orange solutions of different pH values:
Ciprofloxacin and Acridine Orange solutions with different pH values were prepared by
addition of suitable volumes of 0.1M NaOH solution and 0.1M HCl solution to obtain the
desired pH values ( pH3, 5, 6.5, 9, 11).The pH of the solutions was measured by pH meter
(HM-40V).
2.2.4 Ciprofloxacin and Acridine Orange solutions of different H2O2 concentrations:
100 ml of Ciprofloxacin and Acridine Orange solutions of different H2O2 concentrations
were prepared by addition of suitable volumes of (32%H2O2). 0M,0.05M ,0.1M, 0.15M,
0.2M and 0.5M).respectively were added to obtain the desired concentrations of H2O2 in
dye drug solutions.
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2.2.5 Preparation of Ciprofloxacin and Acridine Orange solutions containing
250ppmsalts ( NaCl, NaNO3, Na2SO4, NaHCO3) :
0.019g of each of the following salts (NaCl, NaNO3, Na2SO4, NaHCO3) was added to 100
ml of Ciprofloxacin and Acridine Orange dyes solutions separately.
2.3 Catalyst preparation
2.3.1 SnO2 nanoparticles preparation:
Nanopowders of SnO2, ZnO, Fe2O3, Co3O4 will be used as received as active photocatalyst
for water purification from the Acridine orange and Ciprofloxacin.
2.3.2 Photo catalysts thin film preparation:
Nano SnO2, ZnO, Fe2O3, Co3O4 photo catalysts supported in polymer as a thin film was
used. As shown in fig. (2.1) metal oxide nanoparticles used in this work have been
supported and immobilized on a suitable substrate polymer, which is described as the
followings:
A 300mg of PVC was dissolved in 10 ml (THF) tetrahyrofuran, a proportional amount of
SnO2 powder was suspended in the dissolved polymer. The mixture was uniformly
distributed in Pyrex glass Petri dish and left to dry for 24 hrs. at room temp.

Fig (2.0): Steps of (metal oxide) MO photocatalyst thin film preparation

2.4 Equipments
2.4.1 Characterization and Measuring Devices
2.4.1.1 UV-Vis spectrophotometer
A Shimadzu (UV-2450) model UV-VIS 3101-PC Spectrophotometer was used for
absorbance measurement of Acridine orange to monitor the degradation process.
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2.4.1.2: Scanning Electron Microscopy (SEM)
The scanning electron microscopy (SEM) is the most widely used equipment in the field of
materials science to get information about the surface morphology of materials.
The surface morphology of the coatings was imaged using a high-resolution scanning
electron microscopy FR-SEM (JSM6400F, JEOL) using the secondary electron signal
excited by a 10 keV primary beam. To get charge free surfaces, a very thin gold
conducting layer was previously sputtered on the surfaces of the sample.
2.4.1.3 X-ray Diffraction (XRD)
An x-ray diffractometer is primarily used for the identification of phases and the
determination of the crystallite size of powders. An x-ray beam of known wavelength is
focused on a powdered sample and x-ray diffraction peaks are measured using a
germanium detector. The d-spacing of the observed diffraction peaks is calculated using
Bragg's Law n  2d sin  and the mean crystallite size (d) can be evaluated from the line
broadening of the XRD peaks using the Scherrer‟s equation(2.1)[83,79,84].
d

k
(2.1)
 cos 

Where d is the average diameter of the crystallite lying in the (hkl) lattice plane, K is a
constant ~ 0.94,  is the X-ray CuKα wavelength (λ = 1.5418 Å),  is the full width at
half maximum and  is the diffraction angle.
All powders obtained after the various treatments and with different tin concentrations
were analyzed using a   2 X-ray Powder Diffractometer, SIEMENS Type D500
employing a CuKα radiation (λ = 1.5418 Å) source and equipped with a 25 kV power. The
data were taken in the range 10 <  < 90° with the step-scan mode using 0.02°.
2.4.2 Light source
Different light sources was used in the degradation process of the pollutants such as UV
lamp (VL-4-LC, 4W-365nm, 4W-254nm, power:8W, France),and direct solar radiation
was used .
2.4.3 pH meter
PH meter (HM-40V) was used to adjust pH of dye solutions at specific values.
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2.5 Reaction setup:
Dye solutions to be degraded were placed in a beaker (volume 400ml) containing the
photocatalyst thin film and the beaker was placed in a black box to avoid exposure to
powerful harmful UV radiation. The distance between the UV source and the vessel
containing reaction mixture was fixed at 20 cm as it is obvious in fig (2.2).
UV lamp
UV light
Black box
e- h+
hhhh

Reaction vessel (dye and drug solution)
Thin film photocatalyst

Fig (2.2): Photocatalytic degradation reaction setup.

2.6 Photocatalytic degradation experiments
Firstly, control degradation experiments were performed. The experiments are as the
following:
1. Dye solution is degraded in the presence of photocatalyst thin film only. UV
irradiation is not applied “Adsorption, Dark catalytic degradation".
2. UV radiation is applied in the absence of photocatalyst thin film "photolysis
conditions".
3. Both UV source and photocatalyst thin film were utilized. "photocatalysis".
4. Finally, the experiments were carried out in the presence of photocatalyst under
direct solar radiation.
2.6.1 Procedure
1. The photocatalyst was placed in a reactor cell in which 100ml of dye
solution of known concentration was present.
2. The thin film was placed in the bottom of Pyrex glass.
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2.6.2 Analysis
The solution was irradiated by UV light of certain wavelength (254nm or 365nm) and
intensity of 8 Wat room temperature or direct exposure to solar radiation from 11am to 15
pm of June days in which the temperature was around 250C. Aliquots(5ml) were
withdrawn from the reaction solution at various time intervals for analysis. Samples of the
dye was analyzed by UV- Vis spectrophotometer in order to monitor the degradation
process.
2.6.2 Calculations
The efficiency of the photocatalytic degradation reaction was evaluated in term of
%remaining (% At/Ao) or %degradation (%Ao-At/Ao) and instantaneous rate (Co-Ct/t) was
calculated at different time intervals of the reaction; Ao: initial absorbance, At absorbance
at time t.
Where maximum absorption band for Acridine Orange was observed at λ=491.5nm, while
for Ciprofloxacin at λ=271nm, and 322 nm.
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Results and
discussion

Chapter (3)
Acridine Orange
Degradation

Results and Discussion
3: Acridine Orange Degradation
3.1 Comparison between different metal oxides in term of photocatalytic activity
using different metal oxides:
Heterogeneous photocatalysis is based on a semiconductor used as a catalyst which is
activated by UV light. The irradiated energy used to illuminate the photocatalyst must be
equal to or higher than the band gap of this catalyst in order to excite electrons from
valence to conduction band [57]. The photo catalytic activity of photocatalyst depends on
the surface and structural properties of semiconductor such as crystal composition, surface
area, particle size distribution, porosity, band gap and surface hydroxyl density. Particle
size is of primary importance in heterogeneous catalysis, because it is directly related to
the efficiency of a catalyst through the definition of its specific surface area [23]. Several
nanoparticulate metal oxides as thin layers were used as photo catalysts in comparative
study in order to select the most efficient photocatalyst for the removal of the Acridine
Orange dye from the aqueous solution. Table (3.1) shows the degradation percentage of
Acridine Orange in water by using different metal oxides photo catalysts. The maximum
degradation was achieved by using nanoparticles thin layer. All the results are carried out
after 90 minutes of UV illumination (operated at λ=254nm).
Table (3.1): Degradation Percentage of 5×10-5M Acridine Orange aqueous solution after 90 minutes of
UV illumination (λ=254nm) by using different photocatalysts after 90 minutes

Catalyst type

%Degradation

SnO2

76

Co3O4

66

Fe2O3

65

ZnO

63

The data included in table (3.1) shows that SnO2 photocatalyst exhibited the best
photocatalytic efficiency among different metal oxides for Acridine Orange decolorization
under UV radiation. An expected interpretation of these results may be attributed to the
strongest electrostatic interaction between Acridine Orange molecules and SnO2 nano
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particles because of the point of zero charge (Pzc) of SnO2 which is between 4 and 5 [85]
at neutral pH, since the pka of Acridine Orange is 10.5 [86]. At neutral pH, Acridine
Orange is positively charged while SnO2 surface is negatively charged. Therefore, SnO2
was the best photocatalyst candidate for Acridine Orange degradation. On the other hand
Pzc for Co3O4 is7.2 [87], Fe2O3 has been reported to be almost 8.5 [51] and ZnO is 9.3
[57].
Co3O4 showed good performance in photodegradation of Acridine Orange,which reaches
up to 66%. This result may be attributed to strong adsorption of dye molecules onto Co3O4
surface, where Fe2O3 and ZnO come next to SnO2 and Co3O4 in its photocatalytic activity
over Acridine Orange degradation due to their less adsorption extent between dye
molecules and catalyst particles and less catalytic activity was observed.

3.2 Characterization of SnO2 nanoparticles
3.2.1 X Ray Diffraction (XRD)
Crystal structures of the tin oxide (SnO2) nano powder were examined by XRD and the
resulted pattern is shown in Fig. (3.1). The assigned peaks of the pattern shows the
formation of pure cassiterite structure matching the SnO2 nanocrystals, and all the peaks
can be well indexed to the pure phase patterns No. 41-1445 [88]. No impurity phases were
detected. The mean crystallite size of the nanopowder calculated from the broadening of
the diffraction peaks using Scherrer formula is 28 nm. The nano scaled structure of SnO2
attains more surface area for the adsorption of the dye on their surfaces.

Fig. (3.1):XRD Pattern of SnO2 nanopowder.
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3.2.2 Scanning Electron Microscopy (SEM)
The SEM image of tin oxide layer morphology shows smaller fine aggregated
nanoparticles with size range between 20 to 30 nm. Fig (3.2) shows a mesoporous
nanostructure which enhances the infiltration of the solution into the pores giving more
surface area, which allows better interaction at the particle surface.

Fig (3.2): SEM image of SnO2 nanoparticles

3.2.3 Absorption spectrum
UV-Visible spectrophotometer was used to characterize the photocatalyst SnO 2 powder.
The baseline was measured for pure ethanol solution. Absorption spectrum was scanned
for the nanoparticle photocatalyst in ethanol in the UV-Visible range. Fig (3.26) illustrates
the absorption spectrum of SnO2 nanoparticles where maximum absorption peak is
observed at λ=315nm. Fig (3.4) illustrates the calculated energyap Eg for SnO2, which is
3.77eV. The energy gap is calculated from the extrapolation of the plot of

Absorbance

the photon energy

of pure SnO2 nanoparticles.

0.1

0.0
300

400

500

600

700

800

Wavelength(nm)

Fig(3.4):Plot of (αhν)2 vs hν for SnO2
photocatalyst.

Fig(3.3):UV-Vis absorptionspectrum of SnO2
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versus

3.3 Effect of photo illumination using Nano photocatalyst
The effect of type of irradiation using solar spectrum or UV irradiation of two different
wavelengths 365nm and 254nm of UV lamp on SnO2 thin film catalyst photodegradation
were studied. Fig. (3.5) illustrates the effect of solar and UV irradiation wavelength on the
degradation efficiency of 5×10-5 M Acridine Orange solution utilizing SnO2 thin film as a
function of time of exposure. As the fig. shows, (A⁄A0) ratio was the lowest, which means
that, the higher degradation efficiency was obtained, when UV (λ=254nm) was applied,
while the efficiency dramatically decreased as longer wavelength (UV λ=365nm) was
applied. It is expected that UV with λ=365nm was not energetic enough to achieve
significant phototdegradation of Acridine Orange solution. Poor degradation is obvious
under dark catalysis, which means that UV of shorter wavelength (λ=254nm) radiation has
an essential influence on Acridine Orange degradation, which is the most energetic to
achieve maximum degradation. Solar radiation was found to give good efficiency, which is
close to that obtained by application of UV (λ= 254nm) radiation. This is attributed to the
UV radiation exist in the solar spectrum.

120
100

A/Ao

80
60
40
20
0
0

50
UV254

100

150

Dark

UV365

200

time(min)
solar

Fig (3.5): Effect of type of radiation on photocatalytic degradation efficiency of 5×10-5M Acridine
Orange utilizing SnO2 thin film as a function of the time of exposure

The degradation percentage of Acridine Orange after 120 minutes under direct exposure to
UV of wavelength of 254nm and 365nm were 43.5% and 22% respectively. Good
degradation efficiency (Degradation percentage=96%) which was close to that obtained by
using UV of 𝝺 =254nm, was obtained under direct solar radiation. Poor degradation was
obtained when the reaction was carried out under dark catalysis. The degradation
percentage was estimated and found to be 12%. The same trend was observed on
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instantaneous degradation rate after 120 minutes of the reaction under the previous
mentioned energy conditions. The results are depicted in table (3.2) .The degradation rate
was found to be the fastest using UV light with λ= 254nm, which is 0.82 M min-1. The
degradation rate for dark and illumination of UV light with λ=365nm is very slow, which
is close to 0.18 M min-1.
Table (3.2): %Degradation and degradation rate of 5×10-5M Acridine Orange after 120 minutes using
SnO2 under different radiation wave lengths.

Radiation type

%Degradation

Degradation rate(M min-1)

Dark catalysis

18

0.15

UV(254nm)

98.5

0.82

UV(365nm)

22

0.18

Solar radiation

96

0.8

Better degradation efficiency using UV wavelength 254nm was obtained, since it fits the
calculated energy gap of SnO2 (3.77eV), as has been seen in fig. (3.4). Irradiation with UV
light of 254nm enhanced charge transfer of electron from valence band (VB) to conduction
band (CB) of the semiconductor, thus facilitated OH● radical formation needed for
oxidation of dye molecules. Photocatalytic degradation of Acridine Orange under solar
radiation showed good efficiency that was approximately equal to the efficiency under UV
254nm.This could be explained by considering high intensity of solar radiation in summer
days(in June days from 11am to 15pm), although solar spectrum involve only 4% UV
radiation, high intensity of radiation means that more charge carriers would be formed,
thus enhancing oxidation-reduction processes of dye molecules and good OH● radical
generation exist.

[1] absorption of efficient photons leading to formation of electrons and holes
SnO2+hv(UV)→ SnO2 (h+vb+e─cb)

(3.2)

[2] Oxygen adsorption leading to O2●− free radicals formation
O2ads + ecb─→ O2● −

(3.3)

[3] Formation of HO• radical by photoholes
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OH─ads +hvb+ → OH●

(3.4)

[4] formation of OH● from conduction band ecb─
H2O2 + ecb─ →HO● +OH─

(3.5)

[5] Oxidation of organic species R by HO ● radical or holes
R + OH● →R● + H2O

(3.6)

R+h+vb→ degradation products

(3.7)

In conclusion, both UV light and SnO2 photocatalysts are crucial for effective degradation
of Acridine Orange especially UV radiation (λ=254nm), which is the most effective
process for the removal of the dye. The most common mechanism which explains the
successful photocatalytic process is the production of OH• radicals that are acting as an
active agent for the photodecomposition of the organic compounds as depicted from the
following equations and scheme [81].

Scheme (3.1):Mechanism diagram of photo catalytic degradation.

3.4 Photocatalytic degradation of Acridine Orange utilizing SnO2 thin film
Acridine Orange was tested for photodegadation by using nano SnO2 photocatalyst thin film.
Several solutions of different concentrations were prepared, 1×10-5 M , 5×10-5M and 10×10-5M.
Fig. (3.6) illustrates the evolution of the degradation for the different concentrations of Acridine
Orange plotted including the prepared solutions. It needs longer time for the degradation of high
concentrated dye. It is observed that absorbance increases as the initial concentration of Acridine
Orange solution increased.
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Fig (3.6): Different concentrations of Acridine Orange degradation

3.4.1 Operational Parameters: Investigation and optimization
3.4.1.1 Effect of Irradiation time
UV-Vis spectral change of Acridine Orange as a function of irradiation time

5×10-5 M of Acridine Orange was analyzed by UV-Vis spectrophotometer within the range
(300-800) nm before being photo catalytically degraded and the spectrum is shown in Fig
(3.7). Before irradiation, Acridine Orange exhibits absorption peak at maximum
wavelengths of 491.5 nm. The observed peak in visible region may be assigned to the
aromatic ring bearing the substituent groups (NH2) which are called auxo chromes. The
color of the dye is a result of chromogens (chromophore groups( e.g C=N) with aromatic
rings) and auxochromes combination in Acridine Orange structure, whereas the peaks in
the Visible region can be assigned to the aromatic rings present in the Acridine Orange
structure. Exposing Acridine Orange dye to the UV light with nano SnO2 thin film cause
the absorption band of Acridine Orange to decrease with time until it completely
disappeared, indicating the destruction of chromophoric structure. This was accompanied
by fast complete removal of bands in the region at 491.5 nm as shown in fig (3.8) and no
new absorption bands appeared in either the Visible or the UV region after treatment
beyond 180 min, which means complete removal of the dye is obtained.
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.
Fig. (3.7): UV-Vis absorption spectrum of Acridine Orange before exposure to UV radiation and SnO2
nanocatalyst

Absorbance of 5×10-5M of Acridine Orange during photocatlytic degradation was
measured at different time intervals by UV-Vis spectrophotometer in the range (300-800)
nm in order to monitor the degradation process in term of color removal. The spectra are
shown in fig. (3.8) .It is indicated from the continuous decrease in absorbance intensity,
that Acridine Orange was gradually decomposed and further color removal due to further
oxidation-reduction processes leading to further degradation of dye molecules into smaller
fragments was achieved with time by the influence of both UV radiation and SnO2
photocalyst. Color of Acridine Orange completely disappeared after 180 min of the
reaction. Percent degradation of 5×10-5 M of Acridine Orange photocatalyzed by SnO2 was
estimated at different time intervals and the obtained values are summarized in table (3.3).

Fig (3.8): Gradual color removal of 5×10-5M Acridine Orange upon photocatalytic degradation process
using SnO2 thin film as function of time
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From the results shown in table (3.3), it is concluded that efficiency of color removal
increases as time of exposure to UV radiation increases.
Table(3.3):%Degradation of 5×10-5M Acridine Orange dye as a function of time during photocatalytic
degradation process.

Time of irradiation(min)

%Degradation

60

73

90

87

120

98.5

3.4.1.2 Effect of initial Acridine Orange concentration:
Effect of initial Acridine Orange concentration on the rate of degradation under UV light
was investigated. The initial Acridine Orange concentration was varied from 1×10-5M to
1×10-4M. As a general trend, remaining ratio of the dye under test increases as the
concentration increases.
A/Ao

0.8

initial concentration (M)

0.6
0.4
0.2
0
0
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0.0001

Fig (3.9): Illustrates the remaining ratio of different concentrations of Acridine Orange dye along
120min

Table (3.4) illustrates the degradation percentage of different concentrations of Acridine
Orange dye after 90 minutes of exposure to UVradiation and SnO2 photocatalyst. It is
notable that the removal of the dye is slower as the concentration of the dye increases.
Table (3.4): %Degradation of different concentrations of Acridine Orange dye after 90 minutes of the
reaction

Initial Concentration(M)

Degradation (%)

1×10-5

89

5×10-5

87

10×10-5
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In conclusion, the efficiency of photocatalyic degradation of Acridine Orange strongly
depends on the initial concentration. The efficiency of the process decreased with
increasing concentration. This result can be explained by considering that more and more
Acridine Orange molecules are adsorbed on the surface of the SnO 2 photocatalyst [84], in
contrast, the relative number of OH● radical attacking Acridine Orange molecules
decreases due to constant reaction conditions ( e.g: photocatalyst , the intensity of light and
illumination time [90]. In addition, UV screening is an expected reason [9]. Acridine
Orange molecules covering the active sites of the catalyst act as UV light absorbers, thus
fewer photons could reach SnO2 photocatalyst surface because significant amount of UV
radiation would be absorbed by dye molecules instead of the SnO2 photocatalyst. Another
reason may be responsible for the reduction of SnO2 photocatalytic activity is that the
increase in initial Acridine Orange concentration and the generation of its intermediates
which would be adsorbed on the surface of the catalyst and slow diffusion of the generated
intermediates from the catalyst surface can result in the deactivation of the active sites of
SnO2 photocatalyst [23]. Another possible factor is the competition between the adsorbed
dye molecules and H2O molecules for photogenerated h+ resulting in reduction in the
generation of the most reactive oxidative species OH● radical and other reactive species
[90].
3.4.1.3 Effect of pH
The pH of the aqueous solution is an effective parameter governing the degradation rate
since it determines the surface charge of the semiconductor photocatalyst. In general,
semiconductors have amphoteric character [36,91]. The effect of pH on the degradation
efficiency of Acridine Orange under UV light radiation was investigated at different pH
values. Standardized absorbance of 5×10-5M of Acridine Orange dye of different pH
values along 120 minutes of photocatalytic degradation utilizing SnO 2 thin layer were
estimated and the results were illustrated in fig. (3.10). The effect of PH on degradation
rate depends on the ionization state of the organic substance to be degraded, especially
acids and amines, as well as acid-base properties of the photoctalyst and can be explained
on the basis of zero point charge "Pzc". The photocatalyst is negatively charged at pH
above its Pzc, and below this point, its surface attains positive charge [35]. These
characteristics can significantly influence the interaction and affinity between
photocatalyst and dye pollutant with variation of solution pH.
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Fig (3.10): Effect of pH on % remaining of 5×10-5M Acridine Orange after 120 minutes of photocatalytic
degradation process utilizing SnO2 thin film.

It is indicated from the results shown in fig. (3.10) that the rate of Acridine Orange
degradation is strongly dependent on pH. The maximum degradation efficiency was
observed when pH of the medium was 11. while the lowest efficiency was observed in
acidic medium. This results may be interpreted by considering the Pka of Acridine Orange,
(Pka =10.5) and Pzc for SnO2 (Pzc=4.8) [85]. SnO2 is negatively charged above pH 4.8,
while it is positively charged below this value. These characteristics can significantly
influence of the interaction and affinity between SnO2 photocatalyst and Acridine Orange
dye pollutant with variation of pH solution. At pH of 7, Acridine Orange molecules are
positively charged, while SnO2 surface is negatively charged, thus strong electrostatic
interaction between Acridine Orange and SnO2 catalyst surface takes place, which results
in strong adsorption of dye molecules onto catalyst surface (fig. 3.11) and the dye
molecules will be close to e-- h+ and reactive species generation centre, consequently
improved degradation of the dye is obtained under this condition. In acidic medium, under
low pH conditions (pH<7), both of Acridine Orange and SnO2 surface are positively
charged. Electrostatic repulsion takes place as a result and adsorption of dye molecules to
be degraded does not take place properly onto the catalyst surface Fig. (3.11) and the dye
molecules are far from e-- h+ and reactive species generation centre. This may be the reason
responsible for inhibited degradation efficiency in this case. According to these results, pH
played an important role in the photodegradation process of Acridine Orange, so it could
be concluded that it is important to study the nature of the pollutants to be degraded and
semiconductor photocatalyst surface properties in order to accurately determine the
optimum solution pH for high efficiency photocatalytic degradation [60].
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Fig. (3.11): Effect of pH on Acridine Orange adsorption on SnO2 photocatalyst surface.

3.4.1.4 Effect of H2O2 concentration
The ddition of electron acceptors such as H2O2 is expected to enhance the photocatalytic
degradation of dye pollutants by preventing electron-hole recombination by accepting the
CB electron and by generating more OH• radicals and other oxidizing species, as illustrated
in the following equations
(3.8-3.11) [84,22,88].
H2O2+ hv → 2OH●

(3.8)

H2O2+ O2●− → OH● + OH− + O2

(3.9)

H2O2+ eCB− → OH● + OH−

(3.10)

●

H2O2+OH →H2O+HO2

●

(3.11)

Because OH• radical plays important role in the photocatalytic degradation, electron
acceptor such as H2O2 was added to the dye solution. Fig. (3.12) shows (A⁄A0) of5×10-5M
Acridine Orange dye during 120 minutes of photocatalytic degradation utilizing Sn 2O thin
film under UV (λ= 254nm) upon addition of different concentrations of H2O2. Fig. (3.12),
shows an obvious decrease of the remaining of Acridine Orange concentration by
increasing the concentration of H2O2 up to 0.1M, where the most degradation occurred at
this concentration. For the concentration above 0.1M of H2O2, a gradual increase of the
remaining of the dye , which means inverse effect was observed.
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Fig(3.12):Effect of H2O2 concentration on photocatalytic degradation of 5×10-5M Acridine Orange by
using SnO2 thin film .

The Acridine Orange degradation efficiency increases as H2O2 concentration changed as
this order: 0.1> 0.05M>0.15M>0.02M>0.2 M>0 M.
It is clear that the optimum H2O2 concentration for the Acridine Orange degradation
efficiency is 0.1 M, where the degradation of Acridine Orange increases with increasing
H2O2 concentration up to 0.1 M then the degradation decreased significantly by increasing
H2O2 concentration up to 0.2 M. In the absence of H2O2, very little OH● radicals would be
formed and though the degradation process is strongly retarded since the oxidation of the
dye will not take place effectively. As H2O2 concentration increases, OH● formation extent
increases, thus enhancing photo oxidation of the dye molecules which means better
mineralization rate. However, too much addition of H2O2 may inhibit the oxidation process
strongly. This fact is attributed to adsorption of H2O2 molecules themselves onto the
catalyst surface that would modify the catalyst surface subsequently decreases its
photocatalytic activity. Moreover, H2O2 can be a scavenger of valence band holes and
OH● , which is the main oxidative species, when present at too high concentrations,
forming HO2● which is less reactive than OH● [9].
H2O2+2hvb+ →O2+2H+
●

(3.12)
●

H2O2+OH →H2O+ HO2

(3.13)

HO2● +OH● →H2O+O2

(3.14)

It is concluded that H2O2 concentration has a significant effect on photocatalytic
degradation of Acridine Orange utilizing SnO2 thin film and the recommended optimum
concentration to be added to the reaction solution is 0.1M.
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3.4.1.6 Effect of co-occurring ions
Since the real wastewater obtained from the industries contains a lot of organic and
inorganic substances, thus the effect of co-occurring substances should be taken into
consideration. Previous reports have indicated that the co-occurring substances such as
sulphate, nitrate, carbonate, and bicarbonate can significantly influence the photocatalytic
degradation rate of organic pollutants for many reasons [23].
Therefore, the effect of some ions such as NaNO3, NaHCO3, Na2SO4 and NaCl on
degradation efficiency of Acridine Orange using SnO2 thin film under UV radiation was
studied in this work. Percent degradation of 5×10 -5M Acridine Orange after 90 minutes of
photodegradation catalyzed by SnO2 thin layer in the presence of 250 ppm of NaNO3,
NaHCO3, Na2SO4 and NaCl were estimated and the obtained values were shown in table
(3.5). Percent degradation of the dye under test was slightly decreased in the presence of
the previous mentioned salts. According to the obtained result, these inorganic ions have
been found to be inhibitors for photcatalytic degradation of Acridine Orange.
Table (3.5):%Degradation of 5×10-5 M Acridine Orange in the presence of 250 ppm of NaCl,NaNO3,
NaHCO3, Na2SO4 utilizing SnO2 thin film at pH7 after 90 minutes.

Co-occurring ion

%Degradation

Pure Acridine Orange

87

Cl─

71

NO3─

67

HCO3─

72

SO4─2

69

The Co-occuring ions may be adsorbed onto the catalyst surface "competitive adsorption".
Competitive adsorption means that ions, for example were directly adsorbed onto the
semiconductor surface instead of dye molecules to be degraded depending on the chemical
nature of the pollutant and solution pH. It should be considered that constant HO─ ions
displacement from the surface of the catalyst would be taken place due to competitive
adsorption process, thus reduces the generation of reactive radicals.
Co-occurring ions such as Cl─, NO3─, HCO3─, CO3─2 and SO4─2 could be radical
scavengers and react with OH● radicals, which were supposed to be attacked by dye
molecules to oxidize it and then be degraded into simpler fragments or molecules,
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subsequently retarding degradation efficiency of the organic pollutants. Formation of
inorganic radicals and radical anions under these circumstances is possible to occur [8, 57,
74].
Cl─+ hvb+
─

→ Cl● or Cl− + OH● → ClOH●─
+

NO3 + hvb
─

(3.15)

●

→NO3 or

●

(3.16)

─

●

NO3 + OH → OH + NO3

(3.17)

HCO3−+OH● → OH2 +CO3●

(3.18)

HCO3− + h+vb → OH2 +CO3●

(3.19)

SO42− + hvb+ → SO4●─

(3.20)

SO42− + OH● → SO4●─+ OH −

(3.21)

H

The detrimental effect of the salts under test may be attributed to their competition for the
active sites on SnO2 surface and catalyst deactivation which subsequently, decrease the
degradation rate. It should be considered that constant OH─ ions displacement from the
surface of the catalyst would be taken place due to competitive adsorption process, thus
reduces
─

the
─

generation
─

Cl ,NO3 ,HCO3 ,CO3

─2

of

and SO4

reactive
─2

radicals.

Co-occurring

ions

such

as

could be radical scavengers and react with OH •

radicals, which were supposed to be attacked by dye molecules to oxidize it and then be
degraded into simpler fragments or molecules, subsequently retarding degradation
efficiency of the organic pollutants. Formation inorganic radicals and radical anions under
these circumstances is possible to occur (see equations 3.15-3.21).

3.4.2 Kinetics of photocatalytic degradation of Acridine Orange by using SnO2
photocatalyst
A plot of ln Co/Ct versus time represents a straight line, the slope of which upon linear
regression equals the apparent first-order rate constant (Kapp). The apparent rate constant
of degradation at different initial concentrations of Acridine Orange (Kapp) were
determined from the slope of the plots of fig. (3.13) according to Langmuir–Hinshelwood
(L–H) equation. The apparent rate constants are given in table (3.6) .It is observed from
fig. (3.13) and table (3.6) the apparent rate constant of photo degradation of Acridine
Orange decreased with increasing the initial concentration of the dye.
More dye molecules were adsorbed on the surface of the catalyst as the initial
concentration of the dye increased, thus OH● radical generation on the catalyst surface was
decreased since the active sites were occupied by the dye molecules. Moreover, the
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concentration of the dye was increased which acts as UV light absorbers thus fewer
photons could reach the photocatalyst surface.
LnCo/C
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Fig. (3.13): Plot of photodegradation rate of Acridine Orange on SnO2 vs irradiation time at different
dye concentrations
Table (3.6):kapp and T1/2of photodegradation of Acridine Orange utilizing SnO2 at different dye
concentrations

Concentration(M)

kapp(min-1)

T1/2(min)

1×10-5

0.02

35

5×10-5

0.0116

60

10×10-5

0.0051

136

.
Reusability of nano SnO2thin film photocatalyst thin film
In order to obtain good results by using photocatalyst thin film, photocatalyst performance
should be stable for long time after consecutive usage cycles. SnO 2 catalyst was used and
recycled for consecutive reuse on the Acridine Orange degradation; where the process was
repeated up to four times. While studying reuse of photocatalyst; all parameters including
irradiation time, Acridine Orange concentration, pH of the medium, and H2O2
concentration were kept constant. The SnO2 recycling was performed and the efficiency of
the photodegradation process was evaluated after 120 min. of irradiation and compared
between the reuse cycles. The obtained results shown in fig. (3.14) indicate that the activity
of SnO2 photocatalyst is almost the same with a very slight decrease after three separated
uses (during 8 months). This shows the reusability of the Photocatalyst system without
affecting its efficiency.
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Fig. (3.14): Effect of SnO2 reuse on photocatalytic degradation of 5×10-5M Acridine Orange after 120
minutes of reaction
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Chapter (4)
Ciprofloxacin

4: Ciprofloxacin Degradation:
4.1 Photocatalytic activity in Ciprofloxacin degradation using different metal oxides.
Activity of SnO2, ZnO, Fe2O3 and Co3O4 as photocatalysts in Ciprofloxacin degradation
under UV radiation was examined. Table (4.1), shows a comparison between these
photocatalysts in term of percent degradation of aqueous solution of Ciprofloxacin after
185 minutes of the reaction. As it is clear from the data, the maximum degradation of
Ciprofloxacin solution was achieved by utilizing SnO2 photocatalyst followed by Co3O4
which exhibited close activity to ZnO. Finally, the least degradation percentage was
achieved by Fe2O3.
Table (4.1): %Degradation of Ciprofloxacin after 185 minutes by using different catalysts after 185min

Catalyst

%Degradation

SnO2

89

Co3O4

75

ZnO

74

Fe2O3

47

As it was mentioned in section (3.1), The strongest electrostatic interaction is between
Ciprofloxacin molecules and SnO2 particles at neutral pH, since Pka of Ciprofloxacin is
between 6.09 to 8.62, and Pzc of SnO2 is 4.8 [85]. At neutral pH, Ciprofloxacin is
positively charged while SnO2 surface is negatively charged. Therefore, SnO 2 was the best
photocatalyst for Ciprofloxacin degradation. Co3O4 showed good efficiency in
photodegradation of Ciprofloxacin. This result may be attributed to strong adsorption of
dye molecules onto Co3O4 surface, ZnO and Fe2O3 comes next to SnO2 and Co3O4 in its
photocatalytic activity over Ciprofloxacin degradation due to their less adsorption extent
between drug molecules and catalyst particles and less catalytic activity was observed.
The spectra of different concentrations of Ciprofloxacin before degradation are given in fig
(4.1). It is observed that absorbance intensity increases as the concentration of
Ciprofloxacin increases. The spectra shows that the Ciprofloxacin has two absorption
peaks in the wave length range of λ= 271nm and λ= 322 nm.
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Fig. (4.1): UV-Vis Absorption spectra of different concentrations of Ciprofloxacin before
photocatalytic degradation process

4.2 Effect of presence of UV radiation and SnO2 nano catalyst
Control experiments were carried out since some compounds are degraded by direct UV
irradiation. Figure (4.2) show the absorbance of the Ciprofloxacin treated in different way.
The treatment of Ciprofloxacin drug under UV illumination using SnO2 this film as
photocatalysis represent the optimum treatment. Without using UV or the presence of
SnO2 thin film, slight degradation was observed. Less degradation is obtained by using
direct UV treatment without the existence of SnO2 photocatalyst. This is a confirmation
that both SnO2 photocatalyst and UV irradiation are crucial for the removal of
Ciprofloxacin from water.

Fig. (4.2): UV-Vis absorption spectra after 120minutes of the reaction illustrating effect of UV
radiation and SnO2 photocatalyst on color removal of 5×10-5M Ciprofloxacin degradation process
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The most common mechanism is the production of OH● radical which acting as active
reagent for the photodecomposition of organic compound as follows:
[1] Absorption of efficient photons to form electrons and holes
SnO2 + hv → e-cb + h+vb
[2] Oxygen adsorption leading to O2●- free radicals
O2ads + e-cb → O2●[3] Formation of OH● radical by photo holes h+vb
(H2O → H+ + OH-) ads + h+vb → H+ + ●OH
[4] Formation of OH● from conduction band e-cb
H2O2 + e-cb → OH● + OH[5] Oxidation of organic species R by OH ● radical or holes
R + OH● →R● + H2O
R + h+vb → R●+ → degradation products
Fig. (4.3) shows the remaining percentage of Ciprofloxacin drug in water as a function of
the time illumination using two different wave lengths 254 nm and 365nm, respectively.
Without UV-irradiation, no degradation was observed, However the treatment with shorter
wavelength (λ= 254nm) has more degradation than using longer wavelength (λ= 365nm).
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Fig. (4.3): Absorption spectra of 5×10-5M ciprofloxacin during 185 minutes of photocatalytic
degradation utilizing SnO2 under different radiation wavelengths

Exposure of Ciprofloxacin with concentration of 10x10-5M to UV light with emission light
of wave length 254nm cause the absorption band at 271nm, 322nm to 63% disappeared in
120 min, compared to UV emission light of 365nm with 49% at the same time of
irradiation as shown in the Table (4.2). The degradation rate reaches (0.525M min-1) after
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UV illumination with λ=254nm, which is faster than that obtained by solar irradiation
(0.475Mmin-1) and by using UV light with longer wave length λ= 365nm (0.04M min -1).
Table (4.2): %Degradation and degradation rate of 10×10-5M ciprofloxacin after 120 minutes using
SnO2 under different radiation wavelengths

Radiation type

%Degradation

Degradation rate(M min-1)

Dark catalysis

3

0.025

UV(254nm)

63

0.525

UV(365nm)

49

0. 408

Solar radiation

57

0.475

4.4 Photocatalytic degradation of Ciprofloxacin utilizing SnO 2 thin film
Ciprofloxacin was tested for photodegadation by nano SnO2 photocatalyst thin film.
Several solutions of different concentrations were prepared, 1×10-5M, 5×10-5M and
10×10-5M. Fig (4.4) illustrates calibration curve of Ciprofloxacin plotted including the

A

prepared solutions.
4
3.5
3
2.5
2
1.5
1
0.5
0
0

0.00005

0.0001
concentration

Fig (4.4): Calibration curve of Ciprofloxacin

4.4.1 Operational Parameters: Investigation and optimization
4.4.1.1 Effect of Irradiation time
The UV-Vis spectra measured during the photodegradation of the ciprofloxacin is shown
in the fig. (4.5). Absorbance of 12×10-5M of Ciprofloxacin during photocatlytic
degradation

was

measured

at

different

time

treatment

duration

by

UV-Vis

spectrophotometer in the range (200-400) nm in order to monitor the degradation process
in term of drug removal. It is indicated from the continuous decrease in absorbance
intensity that Ciprofloxacin was gradually decomposed and further drug removal due to
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further oxidation-reduction processes leading to further degradation of drug molecules into
smaller fragments was achieved with time by the influence of both UV radiation and SnO 2
photocalyst. Ciprofloxacin disappeared completely after 210 min of the reaction

Fig. (4.5): UV-Vis absorption spectrum of 0.00012 M Ciprofloxacin on Nano SnO 2 thin film using UV
irradiation

Percent degradation of 12×10-5M of Ciprofloxacin photocatalyzed by SnO2 was estimated
at different time intervals and the obtained results are shown in table (4.3), it is concluded
that efficiency of color removal increases as time of exposure to UV radiation increases up
to 210min.
Table (4.3): %Degradation of 12×10-5M Ciprofloxacin after different points of time during
photocatalytic degradation process

Time of irradiation(min)

%Degradation

50

47

90

55

120

65

185

82

210

95

4.4.1.2 Effect of initial Ciprofloxacin concentration
The effect of initial concentration of Ciprofloxacin on the decomposition of the drug under
UV radiation (𝝺=254nm) is investigated as a function of the time of illumination. The
results indicate that the degradation rate is strongly dependents on the initial drug
concentration. The efficiency of photodegradation of ciprofloxacin decreases with
increasing the initial drug concentration. As the initial concentration of the drug increases,
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more drug molecules, are adsorbed on the surface of photocatalyst, thus the generation of
OH● is reduced since the active site are occupied by the drug. An increase of the amount of
drug adsorbed on the catalyst surface decrease the catalytic activity of the photocatalyst.
Moreover the reduction of the light path length as the concentration and deepness of the
drug in the solution increase also cannot be neglected.
Fig. (4.1) shows the remaining ratio increase as increasing the initial concentration of

A/A0

different concentrations of Ciprofloxacin along 185 minutes.
1

0.00005M

0.9

0.00010M

0.00012M

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

50

100

150

200
Time (min)

Fig. (4.6): Effect initial of concentration on the degradation of Ciprofloxacin using UV as function of
time

Fig. (4.2) illustrates the remaining ratio of different concentrations of Ciprofloxacin along
185 minutes of photocatalytic degradation process. As a general trend, the remaining ratio

A/Ao

of the drug under test increases as the concentration increases.
0.5
0.46
0.42
0.38
0.34
0.3
0.00004

0.00006

0.00008

0.0001

0.00012

0.00014

Initial concentration (M)
Fig(4.7):Effect initial of concentration on the photocatalytic degradation efficiency of Ciprofloxacin
using nanoSnO2 thin film at 185 min

Table (4.4) illustrates the % degradation of different concentrations of Ciprofloxacin after
185 minutes of exposure to UV radiation and SnO2 photocatalyst. %Degradation decreased
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with increasing concentration. Using initial concentration of 5×10-5M results into a
degradation of 66%, however by doubling the concentration a degradation of 61% is
obtained.

Table (4.4): %Degradation of different concentrations of Ciprofloxacin after185 minutes of the
reaction

Initial Concentration(M)

%Degradation

-5

66

8×10-5

63

10×10-5

61

12×10-5

55

5×10

In conclusion, the efficiency of photocatalyic degradation of Ciprofloxacin is strongly
dependent on the initial concentration. The efficiency of the process decreased with
increasing concentration. This result can be explained by considering that more and more
Ciprofloxacin molecules are adsorbed on the surface of the SnO 2 photocatalyst [84,89], in
contrast, the relative number of OH● radical attacking Ciprofloxacin molecules decreases
due to constant reaction conditions ( e.g: photocatalyst , the intensity of light and
illumination time [90]. In addition, UV screening is an expected reason [9]. Ciprofloxacin
molecules covering the active sites of the catalyst act as UV light absorbers, thus fewer
photons could reach SnO2 photocatalyst surface because significant amount of UV
radiation would be absorbed by dye molecules instead of the SnO2 photocatalyst. Another
reason may be responsible for the reduction of SnO2 photocatalytic activity is that the
increase in initial Ciprofloxacin concentration and the generation of its intermediates
which would be adsorbed on the surface of the catalyst and slow diffusion of the generated
intermediates from the catalyst surface can result in the deactivation of the active sites of
SnO2 photocatalyst [23]. Another possible factor is the competition between the adsorbed
drug molecules and H2O molecules for photogenerated h+ resulting in reduction in the
generation of the most reactive oxidative species OH● radical and other reactive species
[90].
4.4.1.3 Effect of pH:
The pH of the solution affect the efficiency of drug photcatalytic degradation process, as it
has multiple roles, so it has taken into consideration. As it was mentioned before in section
(3.4.1.3), the effect of pH on the degradation rate depends on the ionization state of the
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organic substance to be degraded, especially acid and amines, as well as acid-base
properties of the photoctalyst and can be explained on the basis of zero point charge (Pzc).
pH is an important for reaction occurs on the surface of SnO 2 photo catalyst. PH changes
can affect the adsorption of Ciprofloxacin molecules onto SnO 2 surface. The effect the
solution pH was studied in the range pH of 3 to 11 and UV-irradiation time up to 90 min
for Ciprofloxacin under the study. The following figure indicates the variation on the

A/Ao

efficiency photocatalytic degradation of Ciprofloxacin at different pH values.
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Fig (4.8): Effect of pH on photodegradation of Ciprofloxacin using SnO2 after different time of
exposure

Figure (4.8) shows that the photo degradation was higher in acidic medium at pH value
of 3 with degradation of 70%, and it increased slightly from acidic to neutral pH in the
range (5-7), the photodegradation was reduced up to 60%, whereas at basic medium
pH( 9-11) the photodegradation decrease to 35% after 50 min irradiation by UV. The
degradation efficiency is the optimum at acidic medium (pH=3) because the pH at the
point zero charge (PZC) is 4.8, the photo degradation increases by lowering the pH
whereas increasing the pH up to 11 decrease the efficiency of decomposition to about
35%. This catalyst behavior can be explained by SnO2 surface charge density, where
the point of zero charge (Pzc) of SnO2 is 4.8 and SnO2 surface can become charged by
reacting with H+ (acidic environment) or OH- (basic environment). In acidic medium
(pH< 4.8) the SnO2 surface is positively charged. Where as in basic medium (pH>4.8)
it is negatively charged. Positive charge excess in the SnO2 surface promotes a strong
interaction with COOH group of the ciprofloxacin as depicted in figure (4.9). A
negative charge excess in basic environment promotes the repulsion of the SnO 2
surface, decreasing the catalytic activity of the semiconductor. These results suggest
that the influence of the initial pH of the solution on photo catalysis kinetics is due to
the amount of the Ciprofloxacin adsorbed on SnO2.
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In acidic
medium

+ ++++++++++++++++++++

In basic
medium

-------------------------------Fig (4.9): The effect of pH on Ciprofloxacin adsorption on SnO2 photocatalyst surface.

4.4.1.4 Effect of H2O2 concentration.
As it was mentioned in section (3.4.1.4), as OH● radicals play important role in the
photocatalytic degradation, electron acceptor such as H2O2 were added to the drug
solution. Hydrogen peroxide has been found to increase the degradation of compound due
to more efficient generation of OH● radical and inhibition of electron/hole pair
recombination.
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Fig (4.10): Effect of H2O2 concentration on photo catalytic degradation of 0.00010M Ciprofloxacin by
SnO2 thin film using UV radiation.

It was observed in figure (4.10) that the photodegradation was enhanced by adding H2O2 to
the Ciprofloxacin drug solution. The maximum degradation was found at 0.01 M of H2O2,
however by using higher concentration of H2O2, the degradation efficiency decreased. The
electron hole recombination is a problem in photocatalytic degradation in the presence of
the SnO2. One strategy to inhibit electron hole recombination is to add electron acceptor to
the reaction.
At lower concentration, the addition of H2O2 accelerated the reaction by producing more
●

OH from scavenging the electron and absorption of UV – light by the following equations

H2O2 + e- → ● OH + OHH2O2 + O2 -● → ● OH + OH- + O2
H2O2 + hv → 2 ● OH
However, at higher concentration of H2O2, it acts as hydroxyl radicals or hole scavenger to
form the perhydroxyl radicals (HO2●) which is much weaker oxidant than ● OH radicals
H2O2 + ● OH → H2O + HO2●
H2O2 + hvb+ → H+

+ HO2●

Thus the photodegradation rate of Ciprofloxacin is optimum by using H2O2 with
concentrations up to 0.01M.
4.4.1.6 Effect of co-occurring ions:
As was mentioned in section (3.4.1.6), the co-occurring substances such as sulphate,
nitrate, carbonate, bicarbonate and other dissolved organic matter can significantly
influence the photocatalytic degradation rate of organic pollutants for many reasons.
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Therefore, the effect of some ions such as NaNO3, NaHCO3, Na2SO4 and NaCl on
degradation efficiency of Ciprofloxacin using SnO2 thin film under UV radiation was
studied in this work. Percent degradation of 5×10-5 M ciprofloxacin during 90 minutes of
photodegradation catalyzed by SnO2 thin layer in the presence of 250 ppm of NaNO3,
NaHCO3, Na2SO4 and NaCl were estimated and the obtained values were shown in table
(4.5). Percent degradation of the dye under test was slightly decreased in the presence of
the previous mentioned salts .According to the obtained result; these inorganic ions have
been found to be inhibitors for photcatalytic degradation of ciprofloxacin.
Table (4.5):%Degradation of 5×10-5 M Ciprofloxacin in the presence of 250 ppm of NaCl, NaNO3,
NaHCO3, Na2SO4 utilizing SnO2 thin film at pH7 after 90 minutes

Co-occurring ion

%Degradation

Pure Ciprofloxacin

67

Cl─

63

NO3─

47

HCO3─

55

SO4─2

65

The detrimental effect of the salts under test may be attributed to their competition for the
active sites on SnO2 surface and catalyst deactivation which subsequently, decrease the
degradation rate. It should be considered that constant OH─ ions displacement from the
surface of the catalyst would be taken place due to competitive adsorption process, thus
reduces

the

generation

of

reactive

radicals.

Co-occurring

ions

such

as

Cl─,NO3─,HCO3─,CO3─2 and SO4─2 could be radical scavengers and react with OH•
radicals, which were supposed to be attacked by dye molecules to oxidize it and then be
degraded into simpler fragments or molecules, subsequently retarding degradation
efficiency of the organic pollutants. Formation of inorganic radicals and radical anions
under these circumstances is possible to occur (see equations 3.15-3.21).
4.4.2 Kinetics of photocatalytic degradation of Ciprofloxacin by using SnO2
photocatalyst
A plot of ln Co/Ct versus time represents a straight line, the slope of which upon linear
regression equals the apparent first-order rate constant kapp. The apparent rate constant of
degradation at different initial concentrations of ciprofloxacin (kapp) were determined from
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the slope of the plots of fig.(4.12) according to Langmuir–Hinshelwood (L–H) equation.
The apparent rate constants are given in table (4.6).It is observed from fig. (4.12) and table
(4.6) the apparent rate constant of photodegradation of Ciprofloxacin decreased with
increasing the initial concentration of the drug. More drug molecules were adsorbed on the
surface of the catalyst as the initial concentration of the drug increased, thus OH● radical
generation on the catalyst surface was decreased since the active sites were occupied by the
drug molecules. Moreover, the concentration of the drug was increased which acts as UV
light absorbers thus fewer photons could reach the photocatalyst surface.
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0.00010M

0.00012M

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0

50

100

150

200
Time (min)

Fig (4.12): Plot of photodegradation rate of Ciprofloxacin on SnO2 vs irradiation time at different drug
concentrations

Table (4.6): kapp and T1/2of photodegradation of Ciprofloxacin utilizing SnO2 at different drug
concentrations

kapp(min-1)

T1/2(min)

0.0095

50

10×10-5

0.0082

70

12×10-5

0.0072

90

Concentration(M)
5×10

-5

4.4.3 Reusability of nano SnO2 photocatalyst thin film
In order to obtain good results by using photocatalyst thin film, photocatalyst performance
should be stable for long time after consecutive usage cycles. SnO2 catalyst was used and
recycled for consecutive reuse on the Ciprofloxacin degradation; the process was repeated
up to four times. While studying reuse of photocatalyst; all parameters including
irradiation time, Ciprofloxacin concentration, pH of the medium, and H2O2 concentration
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were kept constant. The SnO2 recycling studies performed and the efficiency of the
photodegradation process was evaluated and compared between the reuse cycles. The
recovered catalyst was reused for four consecutive runs. The following figures indicate the
activity of SnO2 photocatalyst is the same or slight decrease after four consecutive uses

A/Ao

after the same irradiation time.
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Fig. (4.13): Effect of SnO2 reuse on photocatalytic degradation of 5×10-5M Ciprofloxacin after 120
minutes of reaction
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Chapter (5)
Conclusion

Conclusion
The photo catalytic degradation of Acridine Orange and Ciprofloxacin were successfully
achieved. Acridine Orange and Ciprofloxacin degradation efficiency was optimum by
utilizing SnO2 thin film on PVC substrate rather than the other tested photo catalysts.
Control experiments revealed that both UV radiation and semiconducting photo-catalyst
are essential to achieve efficient dye degradation in the presence of suitable concentration
of electron acceptor, e.g. H2O2. SnO2 thin films photo catalysts were used through four or
more successive batches which means good reusability.
Operational conditions were investigated and the results showed that the optimum
conditions of Acridine Orange degradation was as the following:
Percent degradation was increased with increasing irradiation time and the degradation rate
increased as initial dye concentration decreased. Optimum concentration of H2O2 was
found to be 0.1M, the degradation efficiency reached its maximum at pH of 11 and by
using SnO2thin film as photo catalyst and the results obtained showed that the maximum
degradation efficiency was achieved under UV irradiation at shorter wavelength with
𝝺=254nm. The apparent rate constant (kapp) of Photocatalytic degradation of 5×10 -5M of
Acridine Orange was 0.0116 min-1 of photocatalysis under UV radiation and SnO2 catalyst.
Operational conditions of photo catalytic degradation of Ciprofloxacin by SnO2 thin film
photo catalyst were investigated and the results showed that the optimum conditions were
as the following:
Percent degradation increased with increasing irradiation time and the degradation rate
increased as initial drug concentration decreased. Optimum concentration of H2O2 was
0.01M and the optimum medium was at pH of 3. Solar radiation gave very close results to
UV (λ254 nm) radiation, which means that by optimizing operational condition, artificial
radiation may be replaced by natural solar radiation, consequently saves economical efforts
and better application of nature resources and powers. The estimated apparent rate constant
(kapp) of photocatalytic degradation of 5×10-5M of Ciprofloxacin was 0.0095min-1.
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