




this strip through doctor-blading of the P25 TiO2 paste, which
was subject to a post-annealing at 450 1C for 1 h. The con-
ductances were obtained with a Keithley-2450 source meter in
the four-probe mode at different temperatures under a 2 V bias
voltage. The sample chamber was firstly evacuated until the
base pressure was ca. 3 � 10�2 Pa, and the pure N2 or pure O2

was introduced to obtain a 10 Pa partial pressure. 450 nm and
632 nm lasers were used as the excitation light sources. Light
intensities were checked with the Newport Si-based photo-
detector (818-UV/DB, Newport, America). Thermally stimulated
currents (TSC) were measured according to the following
procedure under vacuum conditions at a bias voltage of 10 V.
Firstly, the TiO2 coating was illuminated with the 450 nm laser
for 20 min at room temperature, which was then followed with
a sharp decrease to 173 1C at a rate of 40 1C min�1. The
illumination was kept at 173 1C for 5 min, and then was
switched off. At the moment of light interruption, the tempera-
ture was increased to 150 1C at 30 1C min�1 with a simulta-
neous measurement of the current, which was also measured
according to the same procedure for the TiO2 sample without
light illumination.

2.3. Photocatalytic activity measurement

The commercial P25 powder was used without further modifi-
cation. 0.1 g of the pristine p25 powder was mixed with
deionized water to form a uniform slurry; this was coated on
a f 60 mm quartz substrate, and then dried at 70 1C in air.
Catalytic experiments were performed in a self-designed quartz
reactor (Fig. S2, ESI†) placed upon a heating plate. The surface
temperatures of the sample was checked with a K-type thermo-
couple. A 500 W Xenon lamp, together with different optical
filters that allow the transmission of light with specific wave-
lengths, was used as the light source to illuminate the sample
downwards through a condenser. The light intensities were
determined by a Newport Si-based photodetector (818-UV/DB).
Isopropanol was used for catalytic dehydrogenation. The ratio
of B500 ppm isopropanol-containing N2 standard gases and
pure O2 was controlled with two mass flow meters to be 5 : 1 to

flow through the reactor for B30 min to obtain a steady iso-
propanol concentration. After that, the reactor was connected
to a gas chromatograph (GC-SMART, Shimadzu, Japan) with
plastic tubes to form a closed reaction system. The evolution of
acetone was checked in the dark and under light illumination.
The by-products were determined by mass spectroscopy
(GC-MS: Agilent 6890N/5975). The light induced surface tem-
perature rise was confirmed with an infrared thermographic
camera (FTIR-E60, America).

3. Results and discussions
3.1. SBG light response

As the pristine P25 does not exhibit an absorption below the CB
edge in the diffusion absorption spectrum (Fig. S3, ESI†,
dashed line), it is unexpected that the SBG light can cause an
electronic transition. In situ diffusion reflectance was firstly
used to check the SBG light response. If the SBG light illumina-
tion can excite an electronic transition in the pristine TiO2, the
photoinduced electrons, either in the CB or at the gap states,
can result in a near infrared optical absorption.19,20 Under
450 nm laser illumination, it is seen from Fig. 2a that the
TiO2 shows an absorption at 1550 nm in the absence of
isopropanol; this is ascribed to the desorption of the chemisorbed
O2 over the TiO2 surface under SBG light illumination.21,22 The
presence of isopropanol leads to a great increase in the optical
absorption; this means that the SBG light illumination can extract
electrons from isopropanol molecules to the TiO2. It is also worth
noting that the 0.05 value cannot be treated as the background
absorption, but the apparent absorption of TiO2 relative to the
BaSO4, so this does not mean that the P25 TiO2 has a real
absorption of 0.05 before light illumination. We therefore thought
that this value should be meaningless. As a result, it is seen that
the pristine TiO2 can respond to the SBG light illumination. As the
photon energy of the 450 nm laser is too low to induce the super-
bandgap electronic transitions, the interaction of isopropanol
molecules with the TiO2 surface is thought to cause the
observed response. The effect of isopropanol adsorption on

Fig. 2 (a) Evolution of the light induced absorptions at 1550 nm under and after the interruption of the 450 nm laser illumination in pure N2 and the
isopropanol containing N2 at 40 1C (laser power: 400 mW); (b) cyclic voltammetry plot of the P25 coating obtained in a three electrode electrochemical
cell containing 0.1 M Na2SO4 solution.







molecule, the direct reaction between isopropanol and O2
� is

unlikely to occur. The trapping of a hole by isopropanol should
greatly reduce the barrier to remove the hydrogen from the OH
group and hydrogen bound to the tertiary carbon of isopropanol.
Then, the dehydrogenation might occur through different path-
ways. The bridging oxygen of TiO2 might be involved to abstract
the hydrogens of the isopropanol molecule. It is also possible that
the hydrogens can be abstracted by OH radicals formed from
O2
�.40,41 It is considered that, although the detailed pathways of

isopropanol dehydrogenation might be different, the initial steps
should be hole trapping by undissociated isopropanol and elec-
tron trapping by molecular O2. The above results show that the
SBG light induced electrons can transfer to O2, and the holes can
also be captured by isopropanol molecules; this means that the
isopropanol could also undergo dehydrogenation under SBG light
illumination.

A 420 nm short wavelength cutting filter was used together
with the 450 nm, 500 nm, 550 nm, and 600 nm band-passing
filters to generate the different SBG monochromic lights from a
Xe lamp and avoid leakage of UV light (Fig. S2, ESI†). It is seen

that isopropanol can be dehydrogenated into acetone over the
pristine TiO2 under this SBG light illumination (Fig. S6, ESI†).
Fig. 6 shows that acetone evolution in the dark is slow, but
becomes much faster upon 500 nm light illumination. The light
induced increase in the surface temperature is less than 2 1C
(Fig. S7, ESI†) and it is also seen that the photocatalytic
isopropanol dehydrogenation increases with light intensity
(Fig. S8, ESI†); it is thus considered that the SBG light induced
catalytic effect is not a photothermal effect. The photocatalytic
activity is dependent on the light wavelength (Fig. S9, ESI†),
which increases with photon energy. The photocatalytic effect
also increases with temperature from 20 1C to 100 1C (Fig. S10,
ESI†). Other by-products start to appear at high rates at 120 1C,
resulting in a decrease in acetone yields. The by-products
may be formed from an aldol condensation between acetone
and isopropanol, which can result in mesityl oxides, like
(CH3)2C CHCOCH3, 4-methyl-3-penten-2-one, or others.40,42,43

In addition, it is also observed that formic acid and acetaldehyde
can be formed as intermediates of the subsequent acetone PCO.44

Therefore, the by-products can be produced from the reaction
between the intermediate with isopropanol. GC-MS was used to
identify the organic substances involved at 120 1C (Fig. S11, ESI†).
In additional to isopropanol and acetone, isopropyl formate and
formic acid were also seen during the sub-bandgap light induced
reaction. Isopropyl formate is ascribed to the esterification
reaction between the formic acid and isopropanol.

3.4. Effect of the light–heat synergism in the SBG
photocatalytic response

Under illumination with monochromic SBG light, the acetone
yields against Eg–hn (photon energies of the 450, 500, 550, and
550 nm monochromic lights) are shown in Fig. 7a. The acetone
yields are normalized based on photon number with wave-
length; the 500 nm monochromic light is used as a reference.
It is seen that the normalized acetone yields increase with Eg–hn
in an approximately exponential fashion; this result is in good
accordance with the model where the exponential gap states are
involved in the SBG light response. As shown in Fig. 7b, the

Fig. 6 Acetone evolution during the IPA catalytic conversion over the P25
TiO2 in the dark and under the illumination of 500 nm monochromic light
(light intensity: 35 mW cm 2) at 100 1C.

Fig. 7 (a) Dependence of the acetone yields after 140 min reaction on the difference between the TiO2 bandgap (taken to be 3.0 eV) and the phonon
energies (hn) of the SBG light; (b) dependence of the acetone yields after 84 min reaction on temperature in the Arrhenius mode.
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