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The magnetic field effect on heterogeneous photocatalytic
degradation of benzene over Pt/TiO, has been observed for
the first time. The coupling effect between magnetic field
and photo field influences the conversion of benzene and
production of CO; in different modes.

After the discovery of nuclear and electronic spin polarization
phenomena during chemical reactions (CIDNP, CIDEP), the
study of magnetic field effects on the kinetics of chemical
reactions, especialy the free radica-involved reactions, has
achieved significant accomplishment.2-> However, thereisless
study concerning the effect of magnetic field on heterogeneous
photocatalytic reactions. Actually, in the presence of O,, the
common characteristic of al photocatalytic degradation reac-
tions is the generation of extraordinarily reactive free radicals
and radical ions such as O,—, Oy, HO,:, OH" and so on.6 So it
is reasonable to consider that the behaviour of the photo-
induced electrons and holes, together with the radicals and
radical ions produced, may be affected by magnetic field.

Herewe report the magnetic field effect on the heterogeneous
photocatalytic degradation of benzene over Pt/TiO,. Titanium
dioxide xerogel having diameters of 0.2 and 0.3 mm were
prepared by a sol—gel technique that involved the controlled
hydrolysis of titanium tetraisopropoxide followed by dialysisto
pH = 4, evaporating of the solvent at 60 °C, grinding and
sieving.” Platinized titania (PY/TiO,) particles were synthesized
by impregnating the TiO, xerogel prepared as above with an
aqueous H,PtClg solution. The adsorbed H,PtClg was then
reduced with a solution of 0.1 M sodium borohydridein 0.1 M
NaOH.8 The resulting sample was dried at 110 °C and then
calcinated at 300 °C for 3 h with atemperature ramping of 2 °C
per minute. The PYTiO, catalyst employed for this study
contained 0.5% Pt by weight. The dominant crystal phase was
anatase (79%) with average crystal size of 10.4 nm. Specific
surface area of the platinized titania particles was ca. 124 m?2

—1

Photocatalytic experiments were conducted in a fixed bed
cylindrical photoreactor operated in a single-pass mode. The
catalyst (0.4 g) was loaded in a quartz tube, which was
surrounded by an electromagnetic device with the magnetic
field direction vertical to the axes of the reactor tube and by four
4W ultraviolet lamps with a wavelength centered at 254 nm.
The magnetic field intensity was controlled with a transformer.
The reaction temperature was maintained at 65 °C.

Benzene at a concentration of 230 ppm with abalance of zero
air was supplied to the system without further purification. The
flow rate was kept at 20 ml min—1. Simultaneous determination
of benzene and CO, concentration was performed with an on-
line gas chromatograph (HP6890, Porapak R) equipped with a
flame ionization detector and a thermal conductivity detector.

Fig. 1 and Fig. 2 showed the influence of magnetic field on
conversion of benzene and production of CO, for the photo-
catalytic degradation of benzene over PU/TiO,, respectively.
When the photocatalytic reaction without external magnetic
field reached the steady state, the conversion of benzene was
15.5% (Fig. 1), and the production of CO, was 52 ppm (Fig. 2).
Then an external magnetic field (59.42mT) was applied on the
reaction system. The conversion of benzene reached 18% (Fig.
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1), which was slightly larger than that obtained for the reaction
without magnetic field, and the production of CO, was rapidly
increased to 175 ppm (Fig. 2). Accordingly, the mineralization
of benzene was up to 52% from 19%. After 840 minutes, the
electromagnetic field was turned off. Conversion of benzene
decreased rapidly and became ca. 4%. At the same time, the
formation of CO, also decreased dramatically and resumed the
low values obtained before application of the magnetic field. A
subsequent reapplication of the magnetic field (from 1500
minutes) led to recovery of most of the photocatalytic
activity.

Experiments performed in the absence of UV light or catalyst
confirmed that no reaction occurred under these conditions,
with or without magnetic field. Moreover, the results of UV-vis
diffuse reflection spectra indicated that the external magnetic
field has no effect on photoabsorption of the Pt/TiO, catalyst. In
addition, there was no magnetic field effect over the pure TiO,
photocatalyst because of the serious deactivation for the
reaction over TiO, photocatalyst.® This result implied that the
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Fig. 1 Effect of magnetic field on the photocatalytic conversion of
benzene.
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Fig. 2 Effect of magnetic field on CO, yield for photocatalytic degradation
of benzene.
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magnetic field effect is related to the existence of Pt. By
contrast, in asimilar experiment which was conducted with the
magnetic field turned on and fresh PY/TiO, catalyst, no
remarkable magnetic field effect was observed. The conversion
of benzene for this experiment was only slightly higher than the
initial conversion shown in Fig. 1. After that, the magnetic field
was turned off, and then the same experiment asin Fig. 1 was
conducted. A similar result as in Fig. 1 was obtained.
Comparing the above results with those of Fig. 1 and Fig. 2
suggests that the magnetic field effect may be related to an
acceleration of oxidative decomposition of intermediate species
on the loaded platinum.

Indeed, the carbon mass balance was not perfect in the initial
period of photocatalytic degradation (Fig. 1 and Fig. 2). It may
be ascribed to the formation and deposition of some polymeric
compounds or coke on the catalyst surface.l° In the second
period of photocatalytic degradation under magnetic field,
improvements to the conversion of benzene and the oxidation
selectivity to CO, were achieved. Although the detailed
mechanism of the magnetic field effect is still unknown at
present, thereis a possible explanation for the improvements on
the basis of the above experimental results. That is, the chemical
and electronic states of highly dispersed Pt atoms on the surface
of the catalyst were changed by applying the magnetic field,
leading to accelerated decomposition of reaction intermediates
deposited on the surface of Pt/TiO, catalyst.

Fig. 3 shows the photocatalytic activity as a function of
magnetic field intensity. The benzene conversion and the
production of CO, are measured at steady state. Three regions
are presented in the diagram. In the first region (a) from zero to
23 mT, the conversion decreased with increasing magnetic field
intensity. The conversion reached a minimum (about 4.5%) at
23 mT. Over the second regime (b) between 23 mT to 52 mT,
the conversion returned to the value (14.8%) obtained in the
absence of an applied magnetic field. The conversion then
rapidly increased with further increase in magnetic field
intensity. These results indicate that the photocatalytic conver-
sion of benzene was suppressed under the low magnetic field
intensity, and was promoted at the higher magnetic field
intensity. However, the effect of the magnetic field on the
production of CO, was positive over the whole intensity range
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Fig. 3Magneticfield intensity dependence of conversion (l) and CO, yield
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employed. The reason for the phenomena is still unknown.
Further studies on the detailed mechanism of the magnetic field
effect on heterogeneous photcatalytic reaction arein progressin
our laboratory.
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