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Abstract:

In this paper, the quantum yield of formaldehyde formation was measured under different experimental condition. The quantum yield values were found to be affected by different factors such as type of catalyst, dose of catalyst, initial pH of photo-reacted suspension and temperature.

The photocatalytic dehydrogenation of methanol was carried out using TiO2 and Platinized TiO2. The photocatalytic reaction was followed under oxygen or nitrogen atmosphere. The liming quantum yield using TiO2 and Platinized TiO2 is 0.5.

Optimum pH values for titanium dioxide (Hombikat) and platinized titanium dioxide in the existence of oxygen resulting in maximum quantum yield are 7.06  and 7.08   respectively. However, the optimum pH value for platinized titanium dioxide in the existence of nitrogen gas in maximum quantum yield is   7.15.
Two mechanisms for photocatalytic dehydrogenation of methanol with a limiting quantum yield of 0.5 are discussed.
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1. Introduction:

Photocatalytic oxidation of aliphatic alcohols to aldehydes or ketones with aqueous TiO2 or platinized TiO2 suspension is more widely reported by irradiation of UV light [1-5]. 

TiO2 continues to be the preferred as a photocatalyst due to its strong oxidation capacity, strong resistance to chemical and photocorrosion, high photochemical and biological stability, non-toxicity and very low cost [6-7]. TiO2 particles absorb, scatter, or transmit light, so they can't absorb all the incident light that will make the calculation of quantum yield in heterogeneous photocatalytic processes is difficult [8-9]. The quantum yield at a given wavelength is described the photon efficiency of photochemical process, the optimum value of it is unity (Φλ=1) that depends on the ability the absorbing species or chromospheres to absorb the photon with generates a product, but most photoreaction have quantum yield less than one (Φλ( 1) because the photophysical deactivation processes is taking place, while when the quantum yields are very small (Φλ( 0.01) that due to the conversion process to product is very slow. Some time the quantum yield is more than one (Φλ(( 1) that attitude to find the photoinduced chain reaction which needed a light only for the initiation step [10].

This work focus on values quantum yield of formed formaldehyde by purged O2 and N2 environment, in the presence of aqueous TiO2 and platinized TiO2 (Hombikat UV 100) suspension solutions.

2. Experimental:
Commercial titanium dioxide type Hombikat UV 100 supplied by (Sachtleben, Germany) consists of 100% anatase with surface area more than 250 g/ cm2, was employed throughout all experiments.

Hexachloroplatinic acid hexahydrate (Riedel-De-Haen AG, Seelze, Hannover, Germany), Methanol (HPLC grade, 99.8 %, Sd fine-CHEM limited, Mumbai, India), Methanol A.R quality (99.85 %, Hayman, England), Formaldehyde (40%, Chemanol, Kingdom Al-Arabia Al-Sudia), were used without further purification.

 Platinized titanium dioxide (0.5 (w/wt)%) was prepared by photodeposition of platinum particles on surface of commercially titanium dioxide (Hombikat UV 100) by purged with N2 in suspension solution under  UV-A light by a Philips  Hg lamp (efbe-Schon, 90 W, Germany)[2,5]. 

All photocatalytic experiments were performed by employing 100 cm3 of 40 mM methanol mixed with certain weight of naked TiO2 or 0.5 % platinized TiO2, by employing a magnetic stirrer to produce a suspension solution. The distance between the lamps and the surface of Pyrex glass container was 12.5 cm. At predetermined times; 2.5 cm3 of reaction mixture was collected in a plastic test tube and centrifuged (4000 rpm, 15 minutes) in an 800 B centrifuge. The filtrated solution was carefully removed by a syringe to new plastic test tube and centrifuged again to remove the fine particles of naked TiO2 or 0.5 % platinized TiO2 at the same top conditions. Nash method was employed to determine the produced formaldehyde at a wavelength 412 nm [11-13].The light flux density (light intensity) for Philips Hg lamp was determined by employing the chemical actinometric (ferrioxalate  actinometric)  solution [14-16 ]. In all experiments, the calculated light intensity was 0.1570 μ Ens. S-1. 

3. Results and Discussion:

3.1 Effect of catalyst dose:
Figure 1 displays the quantum yield of formaldehyde formation as function of catalyst dose. The values of quantum yield in presence of aqueous TiO2 and platinized TiO2 solutions were found to be directly proportional to catalyst dose at ranged (50-200) mg/100 mL, that beyond to increase of active sites on surface of catalyst, while at higher catalyst mass, the values of quantum yield of formaldehyde formation decline. This behavior is due to the screening effect which attributed to increase the turbidity of the solution and ultraviolet rays start getting scattered [17]. 

The maximum quantum yield value for photooxidation of methanol solution to formaldehyde was noted at a plateau region where catalyst mass equal to 175 mg/ 100 mL in present O2 and N2, 
The photoreaction for producing a formaldehyde was faster in present a platinized TiO2 with purged N2 in methanol solution, this issue emphasized that only formaldehyde produced and no further oxidized products i.e. formic acid or CO2 and H2O occurred [18]. 
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Figure 1: HCHO yield as a function of TiO2 and platinized TiO2 dose, light intensity 0.157 x 10-6 ensien.s-1, methanol concentration 40 mM, temperature of reaction 278 K.
3.2 Effect of pH
The results indicate that photooxidation of methanol to formaldehyde is strongly dependent on the pH value of aqueous TiO2 and platinized TiO2 suspension solution. This effect is relevant for the adsorption and dissociation of reactant (methanol), and adsorption of HO- ions over the surface of used catalysts [19].  However, the initial pH of suspension solution  dominants on the ionization state of the surface hydroxyl groups over TiO2 for the naked or platinized, this pH called zero point charge(pHZPC),which described: the net electrical charge density on a surface for  naked or platinized TiO2  is remained  neutral), the surface is has acid-base equilibrium [20]:
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Figure 2 shows, that the formed formaldehyde from the photooxidation of methanol was followed at different pH values from 1-12. The optimum pH values of quantum yield for reaction in O2 -purged suspension of titanium dioxide and platinized titanium dioxide were 7.06  and 7.08   respectively. However, the optimum pH value for platinized titanium dioxide in N2 -purged suspension in maximum quantum yield is   7.15, this implies the reaction is achieved by two mechanisms, either by purged O2 suspension, that produced  formaldehyde and further materials (formic acid or CO2 and H2O), or  by purged N2 suspension  which  removed all O2 from suspension solution  and only produced  formaldehyde[18].
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Figure 2: HCHO yield as a function of initial pH of solution for (a) TiO2 with purged O2 (b) platinized TiO2 with purged O2 and O2 (c) platinized TiO2 with purged N2. At light intensity 0.157 x 10-6 ensien.s-1, methanol concentration 40 mM, temperature of reaction 278 K. (   is initial pH for TiO2 and platinized TiO2 suspension solution without controls by acid –base solution which equal 5.3 and 6.5 respectively)
3.3 Effect of temperature
    The effect of temperature on the quantum yield of formation formaldehyde is monitored in the range 303 -278 K.  Figure 3 shows, the quantum yield values  in finding TiO2 and platinized TiO2 suspension solutions in presence of O2 were  curvedly proportion with increase of temperature, that referred to generate a further oxidize compound with formaldehyde. However, the quantum yield value  in deoxygenated platinized TiO2 suspension solutions was  linearly proportion with increase of temperature, that rationalize to convert  methanol to formaldehyde only[2,18].
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Figure 3: HCHO yield as a function of temperature for (a) TiO2 with purged O2 (b) platinized TiO2 with purged O2 (c) platinized TiO2 with purged N2, at light intensity 0.157 x 10-6 ensien.s-1, methanol concentration 40 mM.
3.4 The mechanism of photooxidation of methanol in the presence           and absence of oxygen:

When the photon fills on the suspension solution of  methanol with catalyst either TiO2 or platinized TiO2 (Pt/TiO2), the photoelectron is promoted from valance band to conductive band and created a (e-- h+) pair, then the photohole and photoelectron input in serious of reactions according the following equations[3,5, 18].

a- In the presence of oxygen:
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 TiO2 or Pt/TiO2 + hν                           (e- - h+)                    e-  +  h+                 (3)

Ptn   + e-                                        Pt-n


           

             (4)

O2 + e-                                         O2-.                                                               (5)

  H2O                                          H+ + -OH                                                      (6)

 O2-. + H+                                   .OOH                                                            (7)

.OOH + H+                                 H2O2                                                            (8)

H2O2                                                                2.OH                                                            (9) 

  -OH + h+                                    .OH                                                           (10)

CH3OH +.OH                                 .CH2OH + H2O                                      (11)                 

Formaldehyde formation with a limiting quantum yield of 0.5 could be occurred in the following  possibilities:

 2.CH2OH                                        HCHO + CH3OH                                 (12)

.CH2OH +.OH                                    HCHO + H2O                                    (13)

.CH2OH +O2                                    HCOOH + .OH                                    (14)

.CH2OH + O2-.                                HCOOH + -OH                                     (15)

b- In the absence of oxygen:

 Pt/TiO2 + hν                            (e- - h+)                    e-  +  h+                         (16)

Ptn   + e-                                       Pt-n

     

                      (17)

  H2O                                          H+ + -OH                                                    (18) 

  -OH + h+                                   .OH                                                             (19)

CH3OH +.OH                                 .CH2OH + H2O                                      (20)                 

Formaldehyde formation with a limiting quantum yield of 0.5 could be occurred in the possibilities:

 2.CH2OH                                           HCHO + CH3OH                                 (21)

The interaction of formed H2O from equations (20) with Pt-n, the hydroge gas produces by essentially process called reverse of hydrogen spillover.
 Pt-n   + H2O                           Ptn-H+ -OH                    Ptn  +1/2 H2 + -OH       (23)

The last equation indicates that hydrogen gas is released and  -OH  is regarded which adsorbs on the catalyst surface.

3.5 Conclusions:

The quantum yield of formaldehyde depends on the catalyst dose, pH of solution and temperature. The optimum conditions to get a best photooxidation of methanol are 175 mg/ 100 mL from TiO2 or platinized TiO2, initial pH equal 7, and temperature around 298 K. further, the purged of nitrogen in solution obtains the best results comparatives with  presence  of oxygen, due to the presence of N2 will prevent conversion a produced  formaldehyde to formic acid.
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