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Abstract
Pulsed laser deposition facilitates the epitaxial deposition and growth of  TiO2 at low temperature on hot substrate. In this 
study, nanosized nitrogen-doped  TiO2 thin films were deposited on fabricated alumina disc-shaped and glass substrates. 
Textural properties of the fabricated disc and alumina disc-supported  TiO2 were investigated using  N2 adsorption–desorption 
isotherms, field emission scanning electron microscopy (FESEM), X-ray diffraction and Fourier transform infrared (FTIR) 
spectroscopy. FESEM showed the presence of single crystals of  TiO2 on the alumina disc. FTIR showed the presence of 
octahedral  TiO2 and different hydroxyl groups on the surface which is responsible for the photoactivity and also showed the 
functional groups adsorbed on the catalyst surface after the photocatalytic degradation. The concentration of 2-chlorophenol 
and the photo-redox intermediate products as a function of irradiation time was determined. The concentration of the pro-
duced chloride ion during the photocatalytic degradation was determined by an ion chromatography. The results showed that 
the photocatalytic activity of the catalyst decreased upon cycling. The obtained results were compared with nanostructured 
 TiO2 supported on glass substrate. Higher efficiency of 100% degradation was achieved for  TiO2/Al2O3 catalyst, whereas 
about 70% degradation of 2-CP was achieved using  TiO2/glass. Different photointermediates of 2-CP degradation have been 
identified for each cycle. The difference of intermediates is supported by the adsorbed fragments on the catalyst surface.
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Introduction

Due to the rapid depletion of freshwater resources, there 
is an increase in the number of research in this area to 
meet the needs of pure drinking water for everyday activ-
ities. There has been a marked increase in the number 
of research groups working in the field of desalination 
and wastewater treatment. One of the main components 
of waste materials in the oil industry is aromatic com-
pounds. High-temperature coal conversion, petroleum 

refining, plastics, resins and other industries are the most 
common producing these compounds. These compounds 
cause serious environmental problems because the biologi-
cal degradation of these compounds occurs very slowly or 
not at all (Mukherjee et al. 2007). Various methods such as 
adsorption (Banat et al. 2000; Dutta et al. 2001), chemical 
oxidation (Wu et al. 2000; Hu et al. 2001) and coagulation 
sintering (Özbelge et al. 2002) were used to remove these 
compounds from wastewater. Intensive research work 
has been done on the removal of phenolic compounds 
using activated carbon as adsorbent (Tancredi et al. 2004; 
Mohanty et al. 2005; Namane et al. 2005; Tanthapanicha-
koon et al. 2005). The regeneration of activated carbon by 
thermal means causes additional cost and its adsorption 
capacity decreases with time. These treatment schemes 
also provide fairly reliable effectiveness on pollutant 
removal. However, the chemicals and adsorbents used 
and the solid residues (sludge) generated are unavoidable 
disadvantages of these treatment practices. For decades, 
scientists and engineers have been seeking innovative 
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technologies that can be applied to degrade chlorinated 
compounds containing refractory organic pollutants, par-
ticularly with low or no chemical usage and sludge genera-
tion. The advance of photochemical processes has made 
the decomposition of synthesized refractory organics 
sustainable, especially with the advent of semiconductor 
photocatalysts (Tamon 2005; Chen and Mao 2007).

Heterogeneous photocatalysis employing titanium diox-
ide  (TiO2) has been successfully applied to degrade haz-
ardous compounds in air and water (Serpone et al. 2012; 
Ibhadon and Fitzpatrick 2013; Binas et al. 2017; Ameta et al. 
2013; Muneer et al. 2005). Titanium dioxide  (TiO2) is of 
interest because of its high photocatalytic activity, low cost 
and high chemical and thermal stability. However, due to its 
large band-gap of about 3.2 eV (Daneshvar et al. 2006) it 
can be activated only by UV radiations which make up only 
a small fraction of the solar spectrum.

One of the main advantages of the photocatalytic oxida-
tion process is that it can be effective enough to treat many 
contaminants in a single step process. Large mineralization 
can cause a large number of contaminants under mild reac-
tion conditions. Moreover, it is possible to run the process 
under solar radiation (Sun et al. 2009).

Most of the research on photocatalytic oxidation reactions 
was carried out using colloidal solutions of TiO2 molecules 
in an artificially contaminated aqueous solution. The main 
obstacle to this method is the difficult and costly filtration 
step of small catalyst molecules and their recycling. Sev-
eral catalyst supports have been proposed, such as quartz, 
silica, various types of glasses, ceramics (Balasubramanian 
et al. 2004), activated carbon (Mukherjee et al. 2014), fiber-
glass (Athanasekou et al. 2015), stainless steel (Velo-Gala 
et al. 2013), etc. In addition, mild steel can also be used as 
a catalyst for photosynthesis (Rachel et al. 2002). The syn-
thesis of  TiO2 photocatalyst films was performed using vari-
ous methods such as thermal oxidation of metals (Truyen 
et al. 2006), sol–gel (Deguchi et al. 2001), dipping coat-
ing (Chin et al. 2010), electroporation sputtering (Su et al. 
2004; Kim et al. 2002), metallic chemical vapor deposition 
(MOCVD) (Mahmoud et al. 2013) and pulsed laser depo-
sition (PLD) (Fujimura and Yoshikado 2003; Khalifa and 
Mahmoud 2017; Farkas et al. 2008; Suda et al. 2004, 2005; 
Zhao et al. 2008; Sato et al. 2009). A good adhesion thin 
layer with good mechanical rigidity, substrate adhesion and 
high surface area can be obtained through the PLD process. 
(Socol et al. 2010). Furthermore, PLD has the advantages 
of transferring materials from the target to the substrate in 
an equal manner (Socol et al. 2010), operating at different 
pressures and temperatures, and flexibility in the choice of 
substrate materials. Numerous studies have succeeded in 
manufacturing-supported TiO2 combinations supported 
on glass panels in a PLD method. However, much of this 
research has focused on either fabrication or characterization 

of catalysts and has not paid more attention to its photocata-
lytic properties.

In the present study, we focus on preparing immobi-
lized nitrogen-doped  TiO2 thin film prepared using pulsed 
laser deposition technique on a novel fabricated support as 
γ-alumina disc and evaluating these films for the environ-
mental applications using 2-chlorophenol degradation as an 
example pollutant. We have compared the photocatalytic 
activity of  TiO2/Al2O3 with  TiO2 thin film supported on 
glass substrates.

Experimental

Preparation of the alumina disc and PLD‑deposited 
 TiO2 thin films

The alumina disc was prepared by adding 2 g of polymeth-
ylmethacrylate (Fig. 1) dissolved in 200 ml acetone to 4 g 
of γ-alumina powder (0.45 µm size) while constantly stir-
ring the solution. The acetone was then evaporated at room 
temperature. The produced powder was compressed under 
a pressure of 1.76 kg cm−2 for 10 min. 

The obtained disc of 2.5 cm diameter was used as a sub-
strate.  TiO2 thin films were deposited by PLD technique 
using KrF excimer pulsed laser PLD system (wavelength 
λ = 248 nm). A turbomolecular pump and mechanical pump 
were employed in series to maintain system base pressure at 
1.3 × 10–7 Pa. Buffer gas of 5 (Ar):4  (O2):1  (N2) by volume 
was used during the deposition. Two 500-W halogen lamps 
were used as radiative heat source to control the substrate 
temperature from room temperature to 673 K. The substrate 
temperature was controlled below the anatase-to-rutile 
phase transition temperature. The rotating target disc was 
composed of anatase-phase  TiO2. Target rotation speed was 
kept at 15 rpm. The incident laser beam maintained a  45° 
angle to the target surface. Laser pulse frequency was set at 
15 Hz with a calculated laser beam flux of 1.8 J/cm2. The 
deposition rate of  TiO2 thin films was about 0.09 Å per laser 
pulse. Alumina disc or glass sheets with the same dimen-
sions were used as the substrate for deposition. Prior to the 
deposition, all substrates were cleaned ultrasonically in pure 
acetone solution and triple rinsed with deionized water. The 
target was ablated under partial nitrogen and oxygen reactive 
atmosphere on alumina disc by PLD technique. Depositions 

Fig. 1  Structure of polymethyl-
methacrylate
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were carried out at buffer gas pressures of 33 and 100 Pa for 
each substrate.

Characterization of alumina disc‑supported  TiO2

Nitrogen adsorption–desorption isotherms of the synthe-
sized samples were measured using Quantachrome NOVA 
apparatus  at 77 K after degassing under vacuum at 120 °C 
for 18 h Particle size distribution was calculated from Bar-
rett, Joyner and Halenda (BJH) method using adsorption 
branch of the isotherm. Surface morphology was studied 
using field emission scanning electron microscopy (FESEM; 
JEOL-JSM-5410). X-ray diffraction patterns were recorded 
using X-ray diffractogram (XRD; Bruker D8) with Cu Kα 
radiation (λ = 1.5418 Å). Fourier transform infrared meas-
urements were performed using infrared spectrophotom-
eter adopting with KBr technique (FTIR; ATI Mattson 936 
model Genesis series).

Photolysis and photocatalysis of 2 chlorophenol 
(2‑CP)

500 ml of deionized water containing 100 ppm of high-
purity 2–CP (Aldrich) was subjected to UV irradiation using 
6 W lamp at a wavelength of 254 nm. All photodegradation 
experiments were conducted in a batch reactor. UV lamp 
was placed in a cooling silica jacket and placed in a jar con-
taining the polluted water. The catalyst disc was supported 
in the solution with a glass holder at a controlled reaction 
temperature of 25 °C during the experiment. At different 
irradiation time intervals, small volume samples of the irra-
diated solution were withdrawn for the analysis using high 
pressure liquid chromatography (HPLC; PerkinElmer series 
200) equipped with photo-diode-array detector and  C18 
column. The mobile phase was acetonitrile/water (60:40) 
injected at a rate of 1.0 ml min−1. The chloride ion produced 
during the degradation process was determined using an ion 
chromatograph (Dionex-pac).

Results and discussion

Structure and composition of the fabricated  TiO2 
thin film/support photocatalyst

Figure 2a, b shows the adsorption–desorption isotherms and 
pore size distribution of the alumina disc and  TiO2 thin film/
alumina disc. The isotherms were typical type IV, charac-
teristics of well-developed mesoporous materials. The pore 
size distribution was narrow, ranging from 3.8 to 19 nm. 
The surface area  SBET of the alumina disc was 32.6  m2/g, 
while after the deposition of  TiO2 the surface area increased 
sharply to 92.46  m2/g. The increase in surface area might be 

due to the nanostructure morphology of the deposited film 
and the porosity generated from the decomposition of the 
binding polymethylmethacrylate polymer to carbon dioxide 
gas and evaporated water during the deposition of the  TiO2 
at 400 °C. The obtained pore volume of 0.55  cm3/g of the 
 TiO2 thin films/alumina disc was significantly high, com-
pared to that reported by other research groups (Nakamura 
et al. 2005; Lin et al. 2008; György et al. 2005). The large 
pore volume could be attributed to the decomposition of 
the polymer which occupied different positions in the disc. 

Figure 3 shows the XRD pattern of alumina disc before 
and after  TiO2 deposition. The peaks from bare alumina disc 

Fig. 2  a Adsorption/desorption isotherm for bar alumina disc and 
 TiO2/  Al2O3 thin films and b pore size distribution of alumina disc 
and  TiO2/Al2O3 thin films

Fig. 3  a, b XRD of bar alumina disc and  TiO2/Al2O3 thin films
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correspond to γ-  Al2O3 phase. The absence of wide-angle 
reflections of  TiO2 is attributed to its high dispersion on alu-
mina surface and small size (Choi et al. 2006). The absence 
of any  TiO2 peaks could also be assigned to the weakness 
of Ti–O bond. The undetected diffraction peaks of  TiO2 
phase might be due very low intensity peaks due to either 
the formation of ultrathin films and/or low crystallinity of 
the deposited films. 

Figure 4 shows the surface morphology of the alumina 
disc before and after  TiO2 deposition. The presence of octa-
hedral single crystals after depositing  TiO2 on  Al2O3 surface 
is easily visible in Fig. 4b.

Figure 5a, b represents the FTIR spectra of the  Al2O3 
disc-supported  TiO2 before and after using it as photocata-
lyst for the photocatalytic degradation of 2-CP. Figure 5a 
shows that  Al2O3 disc-supported  TiO2 exhibited a complex 
spectrum containing a set of low-intensity bands in the (OH) 

region. Three main bands were observed at 3807, 3750 and 
3689 cm−1. These three bands are characteristic for surface 
hydroxyl groups (OH) stretching modes of different types 
(Stathatos et al. 2004). The activity seems to have a direct 
correlation with the amount of O–H bonds on the surface. 
This is because the presence of hydroxyl groups on the sur-
face might inhibit the hole (in the valence band)–electrons 
(in the conduction band) pairs recombination (Bosc et al. 
2003). The characteristic effects of H-bonding of the O–H 
band are clearly detectable in the low frequency region at 
960 cm−1 (Tsoncheva et al. 2008). This kind of surface 
vibration has already been observed by [Morterra and Mag-
nacca[ 48] on alumina samples and by Hadjiivanov et al. 
(Zhang et al. 2010) on  TiO2 (anatase) samples.

Figure 5a shows two absorption peaks, observed at 1623 
and 3441 cm−1. The former is attributed to the N–H bending 
band and the latter to the N–H stretching band formed by the 
effect of nitrogen doping. An absorption peak appeared at 
747 cm−1 which could be assigned to Al–O bond of  Al2O3. 
Absorption peak at 561 cm−1 shows stretching vibration 
of Ti–O–Ti octahedral structure (Morterra and Magnacca 
1996; Hadjiivanov et al. 1994; Dai et al. 2003) and the peak 
at 621 cm–1 is assigned to a Ti–O vibration, where the oxy-
gen atom is in the non-binding state. A sharp intense peak 
at 1731 cm−1 appeared due to the presence of carboxylic 
acid stretching vibration. The band at 950 cm−1 is due to 
the O–H bending of carboxylic acid. The band at 1218 cm−1 
could be attributed to the C–O of carboxylic acid stretching 
vibration. Absorption band at 2366 cm−1 is characteristic for 
the produced  CO2 during the decomposition of polymethyl-
methacrylate (Milanović et al. 2010).

Figure 5b shows the functional groups adsorbed on the 
catalyst surface during the photocatalytic degradation of 
2-CP. Figure 5b exhibits the characteristic band (shoul-
der) at υ = 800  cm−1 due to C–Cl stretching vibration Fig. 4   a, b FESEM of bar alumina disc and  TiO2/Al2O3 thin films

Fig. 5  a, b FTIR of  TiO2 /Al2O3 thin films before and after photo-
catalytic degradation of 2-CP
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(Morgado et al. 2007). A strong carbonyl peak was observed 
at 1729 cm−1 which attributed to the carbonyl stretching 
vibration. Peak at 1829 cm−1 corresponds to the vibrational 
frequency of CO of aliphatic acid chloride. The band at 
υ = 2946 cm−1 corresponding to the C–H stretching vibration 
of  CH3 or  CH2. The band at 1452 cm−1 indicate the presence 
of C = C stretching vibration for aromatic ring. The vibration 
band at 1392 cm−1 indicates the presence of the phenolic 
OH in plane bending. The band at 1062 cm−1 corresponds to 
C–H stretching vibration of aromatic ring. The peaks at 2337 
and 2362 cm−1 seem to reflect the supramolecular structure 
expressed by hydrogen bonding and intramolecular hydro-
gen bonds (Ennis and Kaiser 2010).

Figure 5b also shows the decrease in intensity of the dif-
ferent hydroxylation modes which indicates the sharing of 
OH in the photodegradation process. The disappearance of 
the peaks at 1623 cm−1 and diminishing of the intensity of 
960 cm−1 peak after the degradation process indicate that 
N–H bending mode and C–O group play an important role 
in adsorption process which can serve as adsorption sites. 
The disappearance of the characteristic band for bridging 
oxygen Ti–O–Ti after the photodegradation indicates that 
the bridging oxygen plays a major role in this process. These 
oxygen vacancies act as the adsorption sites.

Direct photolysis

2-CP shows slower photolysis under direct irradiation; the 
concentration decreased according to a first order rate law. 
Up to 70% degradation was achieved after 3 h irradiation 
time (Fig. 6). The pH of the solution decreased during the 
run from 6.5 to 5.5. This might be due to the formation of 
carbonic acid and/or more acidic intermediates. Catechol was 
detected by HPLC analysis as the main aromatic intermediate 

under these conditions. The same finding was also previously 
reported (Gopalakrishnan et al. 2012; Hishikawa et al. 2017; 
Lukes et al. 2005). This confirms that an efficient cleavage of 
the C–Cl bond occurs from the electronically excited state of 
2-CP produced by direct light absorption.

Photocatalytic degradation in the presence of  TiO2

Upon using  N2-doped  TiO2 thin films supported on the glass 
substrate, the 2-CP degradation under irradiation was clearly 
proceeded slower than  TiO2/Al2O3 (Fig. 6). This could be 
attributed to the scattering of light by the glass substrate. 
Moreover, the quick recombination of photogenerated elec-
trons  (e_) and holes  (h+) also decreases the photocatalytic 
efficiency of  TiO2.

2-CP photocatalytic degradation was investigated under 
irradiation in the presence of un-supported  TiO2 on alumina 
disc. The 2-CP concentration decreases to reach 59.24 ppm 
within 10 min after which the concentration remained almost 
unchanged, up to 180 min. The 2-CP concentration decreased 
down to 55.7 ppm after 30 min of irradiation and remains 
unchanged till 180 min irradiation time (Fig. 6). There was no 
intermediate detected by HPLC.

In the presence of  TiO2 thin film supported on alumina disc, 
complete degradation was achieved after 60 min of irradiation 
time. It was reported that chlorophenols did not suffer degra-
dation on γ-Al2O3 whether in the dark or under light. Only 
minor amount of chlorophenol was adsorbed on γ-Al2O3 with 
cleavage of the C–Cl bond (Li Puma and Yue 2002).  Al2O3 has 
already been reported to be inactive for the photocatalytic deg-
radation of chlorophenols. On the other hand, a good disper-
sion of  TiO2 on γ-Al2-O3 is expected in the area of low  TiO2 
content. The acidic property of the γ-Al2-O3 could increase the 
surface acidity of  TiO2 and promote the photocatalytic rate (Li 
Puma and Yue 2002).

It can be concluded from the above-obtained results that the 
critical steps of the heterogeneous photocatalytic process are 
basically five steps. The first step is to transfer the reactants in 
the contaminated water to the catalyst surface. The subsequent 
adsorption step of the reactants on the catalyst surface is fol-
lowed by photoreaction in the adsorbed phase and desorption 
of the final product. The last step is to move the products to 
the liquid phase. In general, the photolysis of an organic com-
pound is assumed in the presence of a photocatalyst according 
to the following mechanisms:

When the catalyst is exposed to a higher energy light than 
the band gap energy, the electrons are promoted from the 
valence range to the conduction range. As a result, an electron 
hole pair is formed (Kiwi and Grätzel 1987)

(1)Catalyst + h� → e
−⋅

cb
+ h

+

vb

Fig. 6  Photolysis and photocatalytic degradation of 2-CP using: 
 Al2O3 disc,  TiO2/Al2O3 thin films and  TiO2 supported on glass sub-
strate
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where ecb-· and  hvb+ are the two negatively charged elec-
trons in the conduction bar and the positively charged holes 
in the valence range, respectively. When the electron–hole 
(e–h) pair is formed by ultraviolet radiation, the activation 
energy is large enough to excite the photogenerated elec-
tron  (e_) from the HOMO  TiO2 band (3.2 eV) in the LUMO 
 Al2O3 band (> 5.0 eV). However, the photogenerated hole 
(h+) in TiO2 cannot actively convert the  Al2O3 band region. 
Therefore, the reconstitution of the light-generated electron 
 (e_) and the aperture pair  (h+) is opposed by separation. In 
fact, this proposed phenomenon can be attributed to the deg-
radation of 2-CP photocatalyst. Each of these entities  (e_ and 
 h+) can migrate and perform oxidation–reduction reactions 
with other species on the catalyst surface. In most cases, 
 hvb+ and  ecb− can easily react with surface-bound  H2O and 
 O2 to produce OH roots, producing an anoxic superoxide 
anion, respectively (Chen et al. 2005; Konstantinou and 
Albanis 2004)

This reaction prevents the recombination of the electron 
and the hole which are produced in the first step. The •OH 
and  O2

− produced in the above manner can then react with 
2-CP to form other species and is thus responsible for the 
oxidation of the pollutant.

Stability of  TiO2/Al2O3 catalyst

Photocatalytic degradation experiments of 2-CP were car-
ried out repeatedly using the same prepared  TiO2/Al2O3 
catalyst to examine its stability (Fig. 7). It can be observed 
that after three repeated cycles, the catalyst activity decrease 
toward the degradation process of 2-CP degradation, the per-
centage degradation changes from 98 to 70%. However, a 
relatively significant decrease of degradation was observed 
after the third cycle (74%). This could be attributed to sev-
eral reasons; i) gradual conglomerate of the intermediates 
species on the disc after third cycles; ii) the bonding of the 
adsorbed pollutant onto the support material may hinder the 
availability of active sites, which therefore reduced the 2-CP 
degradation efficiency, and iii) the formation of degrada-
tion intermediates of 2-CP that are resistant to UV radiation. 
Such intermediate compounds could absorb more in the UV 

(2)H2O + h
+

vb
→

⋅ OH + H+

(3)O2 + e
−

cb
→ O−

2

(4)⋅OH + O−

2
→ HO⋅

2

(5)H2O2 → 2⋅OH

(6)⋅OH + 2 − CP → 2 − CPOX

region or they could adsorb on the catalyst surface and shift 
the reaction pathway or inhibit the degradation rate of 2-CP.

Aromatic intermediates

Catechol (CT) was the main aromatic intermediate generated 
under our condition. CT was detected during 2-CP degra-
dation under irradiation of both UV/TiO2 and UV + TiO2/
Al2O3 catalysts. Since CT does not form in high yield under 
photolysis and photocatalysis using  TiO2 thin films sup-
ported on glass sheet, the CT substitution by OH groups is 
not expected to occur with high yield through ·OH radical 
attack at the semiconductor–water interface due to the fast 
recombination between holes and electrons. Indeed, CT con-
centration profiles under light + TiO2/Al2O3 were progres-
sively higher (Fig. 8). It is higher than that detected under 
light irradiation in the absence of photocatalyst and when 
using  TiO2 supported on glass substrate. The sudden disap-
pearance of CT using  TiO2/Al2O3 could be attributed to the 
strong adsorption of CT on the alumina surface.

CT is known to strongly adsorbed on  TiO2 and  Al2O3 
(Mahmoodi et al. 2006), forming long wavelength absorb-
ing complexes. FTIR study shows that the disappearance of 

Fig. 7  The stability of  TiO2/Al2O3 with cycling

Fig. 8  Formation of catechol using  TiO2/Al2O3 and  TiO2 supported 
on glass substrates during the degradation of 2-CP
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the band at 561 cm−1 (Ti–O–Ti bond), after the degradation 
process may probably be due to participation of Ti surface 
atoms in the formation of CT complex.

The undetection of CT in the second cycle in water even 
if it forms at the semiconductor–solution interface, might be 
due to the its rapid photocatalytic degradation directly at the 
interface and/or it does not transfer to the solution. Hydro-
nium ions produced when CT adsorbs should likely contrib-
ute to a pH decrease and to ionization of available hydroxyl 
surface groups which led to desorption of the intermediate 
from the surface of the catalyst (during the third cycle).

During the third cycle, the photoactivity of the  TiO2 thin 
film decreased (Fig. 6). The concentration of 2-CP decreased 
to reach 70% after 180 min of irradiation time. However, 
there was one aromatic intermediate present in the irradi-
ated water. This intermediate was suggested to be 1, 2, 3, 
trihydroxybenzene through the injection of authentic sample 
of pure material. The formation of this intermediate may 
be due to the ionization of hydroxyl groups of the surface 
during desorption of the intermediate from the surface after 
induction period of 15 min.

Chloride ion concentration in the irradiated water

Figure 9 shows the chloride ion concentration during the 
direct photolysis and photocatalytic degradation of 2-chlo-
rophenol using  Al2O3 disc-supported  TiO2. During the direct 
photolysis, the chloride ion concentration continuously 
increases with 2-CP degradation up to 90 min of irradiation 
time reaching about 15 ppm. Upon increasing the irradiation 
time up to 140 min, the chloride ion concentration did not 
show a significant change. During the photocatalytic degra-
dation using the fresh  TiO2, the chloride ion concentration 
increases to reach 27.3 ppm after 140 min of irradiation 
time in the first cycle. While the chloride ion concentration 

is 23.9 ppm, it reaches 21.49 ppm in the third cycle. The 
decrease in the chloride ion concentration upon the reuse 
of the catalyst might be due to the adsorption of 2-CP and 
other intermediates on the catalyst surface which hinders the 
cleavage of C–Cl bond. The roles of the chloride ion in the 
whole process are; (i) adsorption on the catalyst surface, (ii) 
the ability to act as scavengers of hydroxyl radicals (Emam 
2012) and (iii) chloride ion absorption of UV light. All of 
the above mentioned effects could considerably decrease the 
2-CP degradation rate.

Conclusions

TiO2 thin films photocatalysts were successfully deposited 
by PLD on alumina disc. The prepared catalysts showed a 
high activity toward photocatalytic degradation of 2-CP in 
water. A concentration of 100 ppm was completely miner-
alized within one hour using fresh catalyst. The prepared 
catalyst showed a gradual decrease in its catalytic activity 
upon reuse. Our study showed that the photoactivity of the 
 Al2O3-supported  TiO2 was much higher than that of  TiO2 
thin film supported on glass substrate. The decrease in pho-
toactivity of  Al2O3 disc-supported  TiO2 could be attributed 
to the high concentration of chloride ion in the irradiated 
solution. The chloride ion could be adsorbed on the catalyst 
surface (as indicated from FTIR), act as scavenger of the 
OH and also absorb UV radiation. Different pathways and 
mechanisms of 2-CP degradation have been suggested for 
each cycle. The difference of each mechanism is supported 
by the adsorbed fragments on the catalyst surface.
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Fig. 9  Chloride ion formation in the irradiated solution during direct 
photolysis, photocatalytic degradation and re-use using  TiO2 sup-
ported on alumina disc
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