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Abstract 

       The photolysis of α-naphtholbenzein with TiO2 as photo catalyst has been 

investigated using solar light. The effect of various parameters such as: time of 

irradiation, light and dark reactions, TiO2 loading, H2O2 and oxalate concentrations 

have been determined. The experiments explained that the photolysis was 

completed at 2.5 hr. In both light and dark reactions, the presence of TiO2 and O2 

was an important factor to increase the rate of reaction. The optimum loading of 

the catalyst was 0.4g in which the rate constant was 19×10-2 hr-1.The rate of 

reaction increased with increasing the millimoles of H2O2 until 12 millimoles.Also 

the experiments showed that the photolysis rate was increase with increasing the 

concentration of oxalate ion .The kinetics of reaction explained that the reaction 

was from pseudo first order.                                         

 

 

 كعامل مساعد 2TiOنفثول بنزين باستخدام  - αالتحلل الضوئي لـ

 بوجود ضوء الشمس

 

 احمد كاظم عباس

 قسم الكيمياء ، كلية العلوم ، جامعة القادسية

 -الخلاصة:

     

كعامل مساعد ضوئي باستخدام ضوء   2TiOنفثول بنزين مع  -αتم دراسة تفاعل التحلل الضوئي لـ    

تمميريا العوامممل المختلفممة مثممل : عمممن التشممعيع متفمماعلا  الضمموء مال مملام ممع  الشممم.    متممم تعيممين 

2TiO  2متااكيزO2H   2م03مالامكزالا   مضحت التجارب با  التحلل الضوئي يكتمل عند الزمن  

كما  عماملا مامما لزيمادع سماعة التفاعمل ومي الضموء مال ملام   مكما   2O م  2TiO ساعة ما  مجمود 

  ما  سماعة  1-سماعة 2-13×11غمم حيمك كما  رابمت السماعة   3,0مل المساعد همو الوع  الأمثل للعا

مليمول   كملل  بينمت التجمارب بما  سماعة  التحلمل  12حتى  2O2Hالتفاعل تزداد بزيادع مليمولا  الـ 

الضوئي تزداد بزيادع تاكيز ايو  الامكزالا    مبينت حاكية التفاعل با  التفاعل ممن الماتبمة الأملمى 

 .ذبة الكا
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Introduction  

       

      Solar radiation is regarded of interest being the existence of ultraviolet radiation 

the key of some homogeneous and heterogeneous photocatalytic Processes, such as 

TiO2/UV and H2O2/Fe+2/UV-vis or H2O2 /Fe+3/ UV-vis. system (Photo-Fenton)(1-3). 

Heterogeneous photocatalytic process includes the use of UV radiation to Photoexcite 

semiconductor catalyst in the presence of oxygen. Under these conditions, oxidizing 

components-bound hydroxyl radical or free holes are Generated (4) . The photocatalyst 

titanium dioxide (TiO2) is a wide band gap Semiconductor (3.2ev) and it is used as a 

photocatalyst for the treatment of organic (5-8) and dye pollutants (9-15) .     

       TiO2 is regarded as the best photo catalyst due to high stability, good performance 

and low cost (16) .In TiO2/UV light system, a titanium Peroxide semiconductor absorbs 

UV light and generates hydroxyl radicals. During UV illumination of TiO2, conduction 

band electrons and valence band holes are initially yielded (eq.1). Band electrons 

interact with surface adsorbed molecules oxygen to yield super oxide radical anions 

(eq.2) , while band holes interact with water to produce hydroxyl radical (eq.3) (17)  .                                        

 

TiO2 + hv → ecb
- + hvb

+ ……………(1)          

e-
cb+ O2 → O2             ……………..(2)         

hvb
++ H2O → H+ +O2  ……………..(3)             

 

   The photo catalysis processes that take place on the TiO2 -semiconductor 

can be represented by fig.1 (18). 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig.1: Mechanism diagram of photocatalytic degradation. 
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      Photodegradation of pollutant using TiO2 with solar light is an 

economically process because the solar energy is an abundant natural energy 

source .This solar energy can be used instead of artificial light source. The 

artificial light sources need high electrical power which is costly and 

hazardous. Solar energy has been successfully used for photo catalytic 

degradation of pollutants (19-29) . 

     In the present investigation we have under taken α-naphtholbenzein and 

examined the various parameters to find out the optimum conditions for 

removal of color and aromatic part of the dye.  

 

                                           

2-Experimental 

       

     All experiments were carried out under similar conditions on sunny days 

of April-May between 11 Am  and  2 Pm .  l00ml three neck round bottom 

flask was used as reaction vessel which placed onto magnetic stirrer 

hotplate(obtained from GallenKamp)to reach the homogeneous mixing .The 

suspensions  were magnetically stirred in the dark and light in the presence of 

dye only , dye-O2 , dye-TiO2 (supplied from Degaussa) and dye-TiO2-O2 . 

Fifty milliliters of dye solution with TiO2 were continuously aerated by open 

part of the flask for complete mixing of reaction solution. At specific time 

intervals  3ml  of the sample was withdrawn and centrifuged using centrifuge 

(supplied from 80-1 Table Top Low Speed Centrifuge Truip International 

Corp.120 cycle/min) .The electronic spectra and measurements(purchased 

from Shimadzu UV_vis . 1650  Spectrophotometer) of dye samples then 

determined .ethanol(supplied from Fluka) was used as a solvent of the dye. 

 

 

3. Disussion 

 

3.1.The preparation of calibration curve 

      

      The preparation of calibration curve solutions of α-naphtholbenzein-which have 

the structure as  illustrated in fig.2-at the range between (5-90) mg.L-1 were prepared  

using 96% ethanol  as  a solvent.  
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       The UV-visible spectrum of the concentration 40 mg.L-1  was taken to identify 

the maximum wave length which was 463 nm (fig.3) then the a absorbance at 463 

nm was determined for  each solution to represent the calibration curve by plot the 

values of  a absorbance against the values of concentration which showed an  

straight line that obeyed the law of Lambert-Beer(fig.4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: The structural formula of α-naphtholbenzein. 

Fig.3: The electronic spectrum of α-naphtholbenzein 

in 96 % ethanol. 
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3.2.The kinetics of photoreaction 

The irradiation of the substance at different irradiation time at the range between 

(0.25-5) hr. was examined. The experiments showed that the percentage of 

conversion was increase with increasing the irradiation time (fig.5) and the optimum 

conversion % was at time 2.5 hr. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4: Absorbance vs. concentration to prepare 

the calibration curve of photolysis. 

       Fig.5: Conversion % vs. irradiation time. 
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     The reaction was from pseudo first order at range of time between (0.25-2.5) 

hr.because the plot of Ln (Co/C) against t(hr.)- where Co is the initial concentration 

, (C) is the residual concentration and ( t ) is the time-yielded an  straight line which 

represent the first order of reaction (30) and the rate  constant (k) was determined by 

the slope (fig .6) 

 

 

 

                                            

 

                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. The effect of various conditions on the photolysis process  

 

The reaction of α-naphtoholbenzien at different conditions in the 

presence of TiO2, O2 and TiO2-O2 in the light and dark as illustrated by 

electronic spectra (fig.7 and fig.8) was achieved. 

 

 

 

 

 

Fig.6: Ln(Co/C) vs. irradiation time of first 

order reaction of photolysis process. 
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  In the light reaction TiO2 semiconductor particles illuminated yielded 

excited holes in valance band and excited electrons in conduction band. Both 

OH groups-founded at the surface of TiO2-and molecular oxygen are induce 

the photolysis process (31, 32).  

     

 While in the dark reaction only adsorption process was formed at the surface 

of TiO2 and molecular oxygen was unable to from the super oxidized oxygen 

(∙-O2). Thus, the percentage of conversion in the case of light was higher than 

that in the dark (fig.9 and fig.10) and rate constant .Also the rate constant for 

light reaction was higher than in the dark reaction (table 1 and table 2). 

 

 

 

 

 

 

Fig.7: Electronic spectra of α-naphtholbenzein 

irradiated by uv.-vis. light at different conditions.    

  ] = 0.2 gm/ 2naphtholbenzein] = 40 mg/L, [TiO-[α 

        50 mL, pH =   natural, solvent = 96 % ethanol. 

                                                 

 

Fig.8: Electronic spectra of α-naphtholbenzein in 

the absence of uv.- vis. light at different conditions. 

] = 0.2 2mg/L, [TiO 40  naphtholbenzein] =-[α

gm/50 mL, pH =  natural, solvent = 96 % ethanol.   

   .                                                                      
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3-Rate constant(  k  )x10 Condition 

31.1 light-2O 

65.7 light-2TiO 

102.2 light-2O-2TiO 

3-Rate constant(  k  )x10 Condition 

14.7 2O 

27.2 2TiO 

44.4 2O-2TiO 

Fig.9: Conversion % vs. irradiation time of α-        

           naphtholbenzein irradiated by uv.-vis. light   

           at different conditions. [α-naphtholbenzein]  

] = 0.2 gm/ 50 mL, pH =   2= 40 mg/L, [TiO            

           natural, solvent = 96 % ethanol.                     

                                  

 

Fig.10: Conversion % vs. irradiation time of α-    

            naphtholbenzein in the absence of uv.-      

             vis. light at different conditions. [α-         

    ] = 2naphtholbenzein] = 40 mg/L, [TiO             

             0.2gm/ 50 mL, pH =   natural, solvent =   

            96 % ethanol.                        . 

 

Table 1: The values of rate constants of photolysis of α-     

                naphtholbenzein in the presence of light at           

               different conditions                           .                    

                                                                  

 

Table 2: The values of rate constants of photolysis of α-          

                  naphtholbenzein in the absence of light at different 

                  conditions.                .                                               
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3.4. The effect of TiO2 loading 

 

      The amount of catalyst is one of the main parameters for the 

photolysis studies. In order to avoid the use of excess catalyst, it is 

important to find out the optimum loading for efficient removal of 

substance. Several authors have investigated the reaction rate as 

function of catalyst loading in the photolysis process (33-35). The effect of 

catalyst weight of TiO2 on the percentage of conversion of α-

naphtholbenzien was investigated from 0.05 to 0.8 g as illustrated by 

electronic spectra (fig.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The results showed that the increase of catalyst weight from 0.05 to 

0. 4 g Increases the photolysis rate due to (i) the increase in the amount 

of catalyst weight which increases the number of dye molecules 

adsorbed (ii) the increase in the density of particles in the area of 

illumination. But at weights from 0.6 to 0.8 g the photolysis rates are 

almost constant (fig.12 and table 3). 

 

 

Fig.11: Electronic spectra of α-naphtholbenzein        

          irradiated by uv.-vis. light at different              

naphtholbenzein] = 40 -loading.  [α 2TiO            

mg/L, pH=natural, solvent=96%ethanol.                    
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2-Rate constant (   k   )x10       Weight(g) 

1.94 0.05 

 

3.08 0.1 

10.22 0.2 

14.62 0.3 

19.0 0.4 

18.62 0.6 

18.53 0.8 

in the    2Conversion % vs. weight of TiO :21Fig.

             presence of uv.- vis. light. [α-                   

             naphtholbenzein] = 40 mg/L, pH =           

             natural, solvent = 96 % ethanol.               

         .                                                                  

 

Table 3: The values of rate constants of 

naphtholbenzein at different -photolysis of α

                weights.                .                      2TiO
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This may be due to the enhancement of light reflectance by the catalyst and 

decrease  in light penetration(36)  . 

 

3.5.The effect of addition of H2O2  

    

 The effect of addition of H2O2 (2-16 mmol) on the photolysis process has 

been investigated as illustrated by electronic spectra (fig .13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The results are shown in fig .14 and table 4 .The addition of H2O2 (2-12 

mmol) increases the photolysis rate, while further increase of H2O2 

concentration from 12 to 16 mmol decreases the rate of photolysis process.  

 

 

Fig.13: Electronic spectra of α-naphtholbenzein                                 

                                                different   light at  vis.-irradiated  by uv.

]                                      naphtholbenzein-α[ ,centrationscon 2O2H       

= 0.4g/50mL, pH=natural, ]2= 40mg/L,[TiO                                     

                                      solvent=96% ethanol.                               .       

                                .                                                                               
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2-Rate constant (   k   )x10 Milimoles 

21.2 2 

 

22.0 4 

23.6 6 

24.7 8 

25.2 10 

26.3 12 

26.0 14 

25.6 16 

          2O2Conversion % vs. milimoles of H :41Fig.
              irradiated by uv.-vis. light. [α-                    

 4] = 0.2= 40 mg/L, [TiO naphtholbenzein]              

              gm/ 50 mL, pH =natural, solvent =  96 %   

              ethanol.                                                       

 

Table 4: The values of rate constants of 

ifferent naphtholbenzein at d-photolysis of α

concentrations.                .                           2O2H
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    12 mmol of H2O concentration appears to be optimal for the photolysis. 

The enhancement of photolysis by addition of H2O2 is due to increase in the 

hydroxyl radical concentration as in the following equations:  

 

H2O2 + e- → ∙OH+ -OH ………………… …(4) 

H2O2 also reacts with superoxide anion to form ∙OH radical: 

H2O2 + -O2→∙OH +  -OH +  ∙O2 ……………(5) 

While at high H2O2 dosage (12-16 mmol )  the photolysis rate decreases due 

to its hydroxyl radical scavenging effect (37 and  38 ) .                                               

 

 

3.6.The effect of oxalate anion  

       Fig. 15 illustrates the electronic spectra of α-naphtholbenzein at different 

oxalate concentrations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15: Electronic spectra of α-naphtholbenzein  irradiated       

               by uv.-vis. light  at  different oxalate concentrations,   

  = 0.4g/50mL,  ]2= 40mg/L,[TiO] naphtholbenzein-α[               

              pH=natural, solvent=96% ethanol.                                 

                                                                                                        

                                                              .                               .       
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   It can be seen that increasing the oxalate concentration increased α-

naphtholbenzein removal efficiency (fig .16 and table 5) which is due to 

increasing the ∙OH concentration (39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-Rate constant (   k   )x10 Milimoles 

45.2 0.02 

68..1 0.04 

80.3 0.06 

87.4 0.08 

92.8 0.1 

Fig.16: Conversion % vs. milimoles of oxalate irradiated 

             by uv.-vis. light. [α-naphtholbenzein] = 40 mg/L,  

    pH  ]=12mmol,2O2[H gm/ 50 mL,4 ] = 0.2[TiO              

  =natural,solvent=96%ethanol.                             

.                                         

 

Table 5: The values of rate constants of 

photolysis of α-naphtholbenzein at different 

oxalate concentrations.                .                       
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       4. Conclusions 

         The optimum time of irradiation that gave a higher percentage of 

conversion of α-naphtholbenzein was at 2.5 hr. and the reaction was from 

pseudo first order at the range of time between (0.5-2.5 hr.).In the dark 

reaction the rate was approximately constant without any effect, while in the 

light the existence both UV-vis. light and TiO2 with molecular oxygen was 

the main role to increase the photolysis rate. The optimum weight of catalyst 

and H2O2 concentrations were 0.4 g and 12 mmole respectively. Also the 

experiments illustrated that the rate of photolysis increase with increasing 

oxalate anion concentration. 
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