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Abstract

Surfaces of Si@covered titanium dioxide (Ti§) photocatalysts (Si@TiO,) were modified with alkylsilyl groups such as hydrocarbon,
fluorocarbon, and phenyl groups. Oxidation of propanal, hexanal, nonanal, pentafuluorobenzaldehyde, and benzaldehyde proceeded much
efficiently on the surface-modified Si€XiO, particles than on Si@TiO, photocatalysts without surface modification. In the case 05Si0,
photocatalysts modified with hydrocarbon chains, one of the most important factors for improvement of the photocatalytic activities of surfac
modified TiQ, photocatalysts is the hydrophobic interaction between substrates and alkylsilyl groups introduced giTi@giihotocatalysts.
SiO,-TiO, modified with phenyl groups is more active in the photocatalytic oxidation of benzaldehyde thamiSiaC,. Furthermore, oxidation
of pentafluorobenzaldehyde proceeded more favorably os Hi0,-Cg(F) chains than on SiETiO,-Csg. These results indicated that the functional
groups introduced onto the surface of $i00, play an important role in showing selectivity for photocatalytic oxidation of organic compounds.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Under photoirradiation, the surfaces of BiQarticles show a
hydrophilic property{12]. This property prevents hydrophobic
Titanium dioxide (TiQ)-mediated heterogeneous photo- organic compounds from adsorbing on the surfaces ok TiO
catalysis has attracted much attention recently because of iphotocatalysts in aqueous media. This condition is a great dis-
potential applications to decomposition of pollutants in wateradvantage for the degradation of organic compounds in aqueous
and air[1-5]. TiO, and some other semiconductor photocat-media. Park and Ch§l3], Wang et al[14], and Li etal[15,16]
alysts have also been extensively studied for the purpose oéported fluorine atoms adsorbed on the surfaces of pi@to-
solar energy conversid—11]. In many applications, anatase catalysts, the surfaces of which are more hydrophobic than pure
TiO2 powders consisting of particles with large surface areagiO,. Hydrophobic TiQ pillard clay catalysts were also devel-
are used as photocatalysts. In contrast to these compoundged by Ooka et a[17-19] However, the surface properties
oxidation of water efficiently proceeds on large rutile 7iO of these photocatalysts are not optimized to improve selectiv-
particles[4,5,9] In addition to the importance of the crystal ity and activity for oxidation of organic pollutants in aqueous
structures of TiQ powders forimproving photocatalytic activity media. In addition, photodegradation of a mixture of organic
as described above, the properties of surfaces of padticles  pollutants at an extremely low concentration in agueous media
are also important factors for determining their photocatalyticequires very high molecular selectivity and concentration of
activity for degradation of organic compounds in aqueous medighe organic pollutant. Otherwise, the surfaces of sTfihoto-
catalysts are saturated with co-existing compounds with much
higher concentrations.
* Corresponding author. Tel.: +81 938843318; fax: +81 938843318, In order to overcome these disadvantages, the surfaces of
E-mail address: tohno@che.kyutech.ac.jp (T. Ohno). TiO, particles were modified with hydrocarbon or fluorocarbon
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chains or with other functional groups through-T—Si bonds.

For instance, by introducing hydrocarbon chains on the sur-
faces of TiQ particles, the surfaces of Tiparticles become
hydrophobic. TiQ photocatalysts modified with hydrophobic
functional groups or molecular recognition groups show higher
levels of photocatalytic activity and selectivity than do pure
TiO, photocatalysts without surface modification. Here, we
report the syntheses of surface-modified J{@@wders and the
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selective oxidation of aldehydes in agueous media on the TiO

Scheme 1.
powders.

In order to change the coverage of functional groups introduced
on SiQ-TiO,, the amount of alkyltrichlorosilan was changed.
The functional groups were introduced on the surfaces 0$-SiO
TiO» particles through RSO-Si bonds by the reaction shown

TiO, particles uniformly covered with porous silica (SO in Scheme 1_ o
TiO,; average pore size: #) anatase phase: 15% of Si@nd The resulting powder was labeled $i®iO2-Cyo (10: num-
85% of TiOy; relative surface area: 170%g1) were supplied ber of hydrocarbons). Lab_els_ of other _surfa_ce-modlﬁ_edzﬂo
by Taihei Kagaku Sangyo. Propionaldehyde, nonanal, benzald@OWders are as follows: S{ITi02-Cy, SiC,-TiO2-Cs, SIC,-
hyde, and hexanoic acid were obtained from Sigma—Aldrich! '92-C8: Si02-TiO2-C12, Si0;-TiO2-Cys, SIO-TiO2-CgF, and
Fine Chemicalsa-Hexyitrichlorosilane, tridecafluoro-1,1,2,2- S/C2"1102-Ph. Based on weight fractions of carbon and ash
tetrahydrooctyltrichlorosilane, trichloromethylsilane, hexanal COMPONents obtained by an elemental analysis, the amount

propionic acid, nonanoic acid, benzoic acid, and 3-pheny|§meOI gt Ma) of surface organosilyl groups was determined

propionic acid were obtained from Wako Pure Chemical IndusPY 8ssuming that the remaining ash is composed of a mixture

tries Ltd. n-Decyltrichlorosilane n-dodecyltrichlorosilanes- of TiO2 and SiQ. UsingM,, external surface area and the esti-

octadecyltrichlorosilane, and valeraldehyde were suppliet’J“aF,ed cross-section of an organosilyl group based on a?omic
by Tokyo Kasei Kogyo Co. Ltds-Butyltrichlorosilane, n- radii[22,23] the surface coverage of functional groups onSiO

octyltrichlorosilane, and phenyltrichlorosilane were obtainedT'O2 was calculated.

from Sin-Etsu Chemical Co. Ltd. Other commercial chemicals

were of the highest available grade and were used without furthe¥ 3. Hydrophobicity and surface areas of surface-modified
purification. The crystal structures of TiQowders were deter- Si02-TiO; particles

mined from X-ray diffraction (XRD) patterns measured with an

X-ray diffractometer (Philips, X’Pert-MRD) with a Cu target ~ The overall hydrophobicity—hydrophilicity of surface-
Ka-ray (= 1.5405A). The relative surface areas of the powdersmodified SiQ-TiO; particles such as SEITIO2-Cqg particles
were determined by using a surface area analyzer (Micromeritvas evaluated by observing their behavior (floatability) when
ics, FlowSorb 11 2300). X-ray photoelectron spectra (XPS) ofsurface-modified powder was added to water—acetonitrile mix-
the TiO, powders were measured using a Shimadzu ESCA100tures of various composition22]. Ten milligrams of SiQ-
photoelectron spectrometer with an Akksource (1486.6eV). TiO2-Cio powder was added to 5 ml of a given concentration of
The shift of binding energy due to relative surface charging wagdueous acetonitrile. After shaking for 5min, the mixture was
corrected using the C 1s level at 284.0eV as an internal stagentrifuged and the precipitate was collected. The percent frac-
dard. The XPS peaks were assumed to have Gaussian line shajies of floating particles was calculated as the difference between
and were resolved into components by a non-linear least squaréights of added and precipitated particles. The floatability of
procedure after proper subtraction of the baseline. Fourier tran§iO2-TiO2-C,, (=4 and 18), Si@-TiO2-CgF, and SiQ-TiO»-
forminfrared Spectroscopy was carried out using a Bruker |F86€h on water—acetonitrile mixtures was also examined under the

spectrometer with a diffuse reflectance accessory. same conditions. .
Surface areas of SiITIO, particles were also measured

before and after surface modification.

2. Experimental

2.1. Materials and instruments

2.2. Modification of surfaces of SiO2-TiO; particles

Modifications of the surfaces of SO, particles with 2.4, Stability of functional groups introduced onto the
alkylsilyl, fuluoroalkylsilyl, or other functional groups were surfaces of SiO;-TiO; particles
carried out according to previously reported methf{s21]
One typical procedure for modification of the surfaces ofSiO In order to evaluate the photostabilities of SO0, modi-
TiO2 particles is as follows. Si@TiO, (6.0 g) was suspended in fied with functional groups, the photocatalyst was photoirradi-
toluene containing 5.0 mmol of octadecyltrichlorosilane (ODS).ated using a 500 W Hg lamp for 5 h in pure aqueous solutions.
The solution was stirred for 10 min at room temperature, and he intensity of the incident light was 6.5 mW cf The FT-IR
methanol was added to the solution to stop the reaction. The prepectra of the surface-modified SiDiO, particles were mea-
cipitate was then dried at 5€ under reduced pressure for 5 h. sured before and after photoirradiation. Coverage of functional
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groups introduced onto SiETiO, particles was also analyzed of aldehydes greatly decreased because an excessive amount

before and after photoirradiation. of alkylsilyl groups prevents a reactant from adsorbing on the
surfaces of photocatalysts due to steric hindrance. The enhance-

2.5. Photocatalytic degradation of aldehyde compounds on ment of activity of SiQ-TiO»-C, with surface coverage of

Si0,-TiO; particles surface-modified with functional groups less than 10% was smaller than the enhancement of activity

of SiO,-TiO,-C,, with about 20% surface coverage because

Activities of Si0,-TiO2-C, (n=1,4,8,10,12,and 18), Si©  of lower hydrophobicity. For instance, the data for oxidation
TiO2-CgF, and SiQ-TiO2-Ph for photodegradation of aldehydes of nonanal on Si@TiO»-C19 with various degrees of sur-
in agueous media were evaluated as follows. Surface-modifieidce coverage are as follows (coverage: %, amount of nonanal
photocatalyst particles (100 mg) were added to an aqueous soldecreased: mM, amount of nonanoic acid: mM): (10.5, 6.5, 5.6),
tion of aldehydes (20 mM: propanal, hexanal, nonanal, benfl7.8, 7.8, 5.8), (29.6, 7.0, 5.4), (40.8, 6.1, 4.8), and (49.5, 4.9,
zaldehyde, and pentafluorobenzaldehyde) ag@d b ml). The  3.8). The surface-modified ST O, photocatalysts showed a
mixture was then stirred vigorously to form an emulsion andsimilar tendency for all of the organic aldehydes used in this
photoirradiated under aerated conditions. Photoirradiation wastudy.
performed using a super-high-pressure mercury lamp (Wakom We also investigated the optimum coverage of SKD2-
BMS-350S, 350 W) from the top of a cylindrical reaction vesselCg(F) and SiQ-TiO»-Ph photocatalysts. The optimum coverage
(transparent at >300 nm, 2.5cm in diameter) at room temperaf SiO,-TiO2-CgF was found to be 62.9%, which is larger than
ture. The intensity of the incident light was 7.0mWefnThe  that in the case of SiETiO,-C,. In addition to the hydropho-
reaction mixture was agitated vigorously with a magnetic stirrebic interaction between the functional groups on S0,
during photoirradiation. After the reaction, photocatalyst pow-and the substrates, the interaction of fluorine atoms between
der was removed by centrifugation. The filtrate was injectedhe substrate and the functional group introduced onSiQ,
into a gas chromatograph instrument. The reaction productgsarticles is an important factor for selectivity of the reaction.
were identified by co-injecting corresponding authentic samplesTherefore, an increase in coverage of the surface-modified pho-
Decreases in the amounts of aldehydes and products generatedatalysts improves the selectivity as will be discussed in Sec-
in the aqueous solution were analyzed using a capillary gaon3.5.Inthe case of Si@ TiO2-Ph, the optimum coverage was
chromatograph (Hitachi G3500, FID detector) equipped withfound to be 55.9%. This value is also larger than that in the case
an RTx-5 capillary column and using a Shimadzu C-R6A-FFCof SiO,-TiO»-C,,. The target compounds that are thought to be
Chromatopac data processot. decomposed by the surface-modified Si00, photocatalysts

Amounts of substrates (aldehyde compounds) adsorbed affect these optimum values. These tendencies will be discussed
SiO,-TiO2-C, (n=1, 4, 8, 10, 12, and 18), Sy0»-CgF,  in Section3.5.
and SiQ-TiO»-Ph were estimated in aqueous media as follows.
Surface-modified photocatalyst particles (100 mg) were added > gy fuce areas of SiO>-TiO particles modified with
to an aqueous solution of aldehydes (20 mM: propanal, heyuncn-onal groups
anal, nonanal, benzaldehyde, and pentafluorobenzaldehyde) and
H20 (5 ml). The mixture was then stirred vigorously to make an gy introducing functional groups on the surfaces of $iO
emulsion. The reaction mixture was agitated vigorously withtio, particles, their surface area decreased as shoakite 1
a magnetic stirrer during photoirradiation. After stirring for an The amount of functional groups introduced onto SiG0,
appropriate time, acetonitrile (5ml) was added to the solutiomyarticles increased with decrease in surface area. These results
to dissolve substrates adsorbed on photocatalysts into the soliggicate that the functional groups are introduced not only onto
tion and photocatalyst powder was removed by centrifugationshe outer surfaces of SiATiO; particles but also onto the pore
The filtrate was injected into a gas chromatograph instrumentyfaces of Si@-TiO, particles. Therefore, some pores mainly
Decreases in the amounts of aldehydes in the aqueous solutifyated on the surfaces of SiTiO, particles disappear with
were analyzed as described above. formation Si-O-Si bonds as a result of the reaction between

3. Results and discussion Table 1

Surface area and coverage of the surface-modified padticles

3.1. Surface coverage of SiO,-TiO> particles modified with

functional groups TiO, powders Surface area fg~1) Coverage (%)
Si0y-TiOz 135.5 0

The degrees of surface coverage of $i00,-C, (n=1, 4, Si02TiO2-C 93.6 31.2
N g Si0y-Ti02-C4 104.1 28.3
8, 10, 12, and 18), Si®TiO2-Cg(F), and SiQ-TiO»-Ph are Si0p-TiO5-C. e 048
shown inTable 1 The estimated cross-sections of linear alkyl SiOz—Tioz—Cz 99.8 20.9
(0.213 nnd), phenyl (0.226 nrfy, and fluorocarbon (0.274 N Si0,-TiO-Cyo 96.7 17.8
groups[22,23] were used to calculate the degrees of coveragesioz-TiOz-Ci2 94.7 15.9
In the case of Si@TiO,-C, photocatalysts, surface coverage SiQ2TiO2-Cis 84.6 19.2
. 0 O,-TiO,-phenyl 81.4 55.9
was changed in the range of 10-50%. When the coverage Wiﬁ)z-TiOz-Cg(F) 611 629

higher than 30%, the activity of SEITiIO,-C, for oxidation
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the alkyl-silane coupling reagent and the surfaces 0$gi0 that of SiQ-TiO2-Cy particles. With increase in the acetonitrile

particles. fraction from 20 to 40%, some of the SiTiO»-Ph particles set-
tled, and complete sedimentation of both samples was observed
3.3. Hydrophobicity of SiO,-TiO; particles modified with when the acetonitrile fraction became greater than 50%.

functional groups

3.4. Stability of functional groups introduced onto the

Fig. 1 shows the floatability of Si@TiO»-C4 (cover- surfaces of SiO>-TiO; particles

age: 28.3%), SigrTiO,-Cg (coverage: 24.8%), SEITIO2-Cio

(coverage: 17.8%), and SXI0,-Cyg (coverage: 19.2%) par- — The floatability of the surface-modified SicTiO, parti-
ticles as a function of the volume fraction of acetonitrile in water. a5 \was investigated before and after photoirradiation in order
In the case of Si@TiO2-C1o, almost all of the surface-modified 5 estimate the stability of functional groups introduced onto
particles (SiQ-TiO2-Cy) floated, i.e., without any appreciable e syrfaces of SiPTIO, particles. After photoirradiation, a
precipitation, when the volume fraction of acetonitrile was lesgeyy particles settled. The settled particles were collected and
than 20%, indicating that the particle surfaces were hydrophogried under reduced pressure at°0for 12 h. The collected
bic. With increase in the acetonitrile fraction from 30 to 40%’particles floated again when the powder was put into water.
some of the Si@-TiO,-Cyo particles settled, and complete sed- ynger photoirradiation, the surfaces of FiParticles become
|men_tat|on of both samples was observed when the a(.:eton.'tr”ﬁydrophilic. Therefore, the hydrophobicity of the functional
fraction became greater than 45%. The amount of floatingSiO 4yps and hydrophilicity of the surfaces of SKIIO, particles
TiO2 particles modified with hydrocarbon chains increased withy e pajanced under photoirradiation. As a result, some particles
increase in the number of hydrOC?beQn chains introduced 0Betje. |n order to determine the amounts of functional groups
Si0-TiO particles. These results indicate that the hydrophoy, the surfaces of SiETIO, particles before and after photoir-
bicity is dependent on the number of hydrocarbons introduceg, gjation, XPS spectra and FT-IR spectra of surface-modified
on the surfaces of SETIO; particles. _ Si0,-TiO,, particles were examined.

The floatability of SiQ-TiO,-Cg(F) particles (coverage:  Fjg 2shows the FT-IR spectra of SiTiO; particles mod-
42.9%) was also investigated in a mixture of acetonitrile andieq with functional groups before and after photoirradiation.
water as shown irkig. 1 (}Nhen the volume fraction of ace- |, the case of fluorocarbon chains introduced onto,STED,
tonitrile was less than 40%, almost all of the $iBIO,-Cs(F) articles, peaks assigned teEstretching vibrations of the flu-
particles floated. This resultindicates that the surface of the mo‘g'rocarbon chains were observed at around 1315 and 1365 cm
ified sample (Si@-TiO2-Cg(F)) was more hydrophobic than Thg jntensities of the peaks were not changed after photoirradi-
that of SiQ-TiO2-Cyp particles. With increase in the acetoni- 4tion for 5h as shown ifig. 2
trile fraction from 45 to 60%, some of the SiiO2-Cg(F) The peak at around 2920 cthassigned to €H stretching
particles settled, and complete sedimentation of both sampl§gprations on Si@-TiO,-C, was not changed either after pho-
was observed when the acetonitrile fraction became greater thagi radiation as shown iffig. 3 FT-IR peaks assigned to GH
70%' . L ) stretching were observed at 2926 and 2853+trim the case

Fig. 1also shows the floatgbmty of SKITi0»-Ph pgrtlcles of Si0,-TiO,-C,.. Peaks assigned to GHtretching were also
(coverage: 42.9%) as a function of the volume fraction of aceypserved at 2962 and 2872 ch There was little change in these

tonitrile in water. Almost all of the surface-modified particles 4oy photoirradiation for 5 HFig. 4shows XPS peaks assigned
(SiO-TiO2-Cg(F)) floated when the volume fraction of ace-

tonitrile was less than 15%, indicating that the surface of the

modified sample (Si@TiO»-Ph) was less hydrophobic than
SiO,-TiO
oom B ¥ X e
| T % + ¢ Si0,-Tio,
" X W Si0, Ti0,-C4 1 After Photoirradiation
80t % A Si0,-TiO,C10
i’:n 20l u + ;SioerEOQ—Cm §
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@ AL @ —— b
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Fig. 1. Dependence of amount of floating particles of surface-modified TiO Fig. 2. FT-IR absorption spectra of SidiO2-Cg(F) before and after photoir-
particles as well as SiITIO, itself on the volume fraction of acetonitrile in ~ radiation in water for 5 h and SiITiO, without surface modification. Arrows
water. indicate the peaks assigned te-E stretching vibrations.
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particles except methylsilyl groups. The highest level of activity Figs. 8 and 9show the photocatalytic activities of Si©
was observed when SpariO,-Cip was used as a photocata- TiO, powders with or without surface modification for oxida-
lyst. The photocatalytic activity level of SgTIO2-C19 was  tion of pentafluorobenzaldehyde and benzaldehyde under pho-
about three times as high as that of 00, without sur-  toirradiation for 1 h at room temperature. Photooxidation of
face maodification. In addition, the photocatalytic activities of pentafluorobenzaldehyde and benzaldehyde proceeded gn SiO
Si0,-TiO2-C12 and SiQ-TiO2-C1g were lower than that of TiO, photocatalysts with a relatively high yield. In the case
Si0O,-TiO2-Cyg because of steric hindrance between these funcef pentafluorobenzaldehyde as a substrate, marked acceleration
tional groups and the substrate. When nonanal was used asvas observed when SyXiO2-Cg(F) was used as a photo-
substrate, similar enhancement of photocatalytic activity wasatalyst. When the coverage was 62.9%, the activity level of
observed (data not shown). The enhancement by introducingiO,-TiO2-Cg(F) was maximum as shown kig. 8 The photo-
functional groups on Si®TiO, was larger in the case of hex- catalytic activity level of Si@-TiO»-Cg(F) with 62.9% coverage
anal because hydrophobicity of nonanal is higher than that ofvas about three times as high as that of S0, without sur-
hexanal. As a result, the hydrophobic interaction between hexXace modification. The enhancement of activity of $i00,-
anal and alkylsilyl groups on the surfaces of Ji@articles is Cg(F) was decreased with decrease in the coverage because
thought to be the most important factor for improving their reac-the interaction between the substrate and the surface-modified
tivity. Enhancement of photocatalytic activity for oxidation of functional groups introduced onto the surfaces of SiGD;
nonanal on surface-modified SiiO, photocatalysts was sim- particles was decreased.
ilar to that for oxidation of hexanal as shown kig. 6. The In order to elucidate the effect of fluoroalkyl groups on the
activity for oxidation of nonanal is more enhanced than that forselectivity of the reaction, we also investigated the activities of
oxidation of hexanal because of hydrophobicity of the substrateSiO,-TiO2-Cg(F) for degradation of benzaldehyde, which has
Onthe other hand, enhancement of the photocatalytic activitpo fluorine atoms. The results are shownFig. 8 Regard-
of Si0,-TiO2-C, (n=1, 4, 8, 10,12, and 18) was not observed inless of increase in the coverage, the photocatalytic activity of
the case of oxidation of propanal as showRii. 7. These results  SiO,-TiO2-Cg(F) particles was similar to that of SpATiO, par-
suggest that the hydrophobic interaction between propanal aritles without modification. On the other hand, the activity of
alkylsilyl groups on SiQ-TiO; is very weak because propanal SiO,-TiO»-Cg(F) for degradation of pentafluorobenzaldehyde
is less hydrophobic than hexanal. These results were support@ttreased remarkably with increase in the coverage as described
by the difference in adsorbtivities of propanal, hexanal, andabove.
nonanal on Si@TiO,-C, (n=1, 4, 8, 10, 12, and 18). The Slight enhancement of photocatalytic activity for oxidation
adsorbtivities of hexanal on SANi0,-C, (n=4, 8, 10, and of benzaldehyde on Si3TiO,-Cg was observed as shown in
18) and SiQ-TiO2 were about 1.79, 2.71, 2.99, 2.93, and Fig. 9. When the coverage was 18.2%, the maximum activ-
0.93 mmol dnT3/(100 mg), respectively. Similar tendencies of ity of SiO»-TiO2-Cg was attained. The enhancement of activity
adsorbtivity for nonanal on SiaTiO»-C,, (n=4, 8, 10, and 18) of SiO,-TiO2-Cg was decreased with increase in the coverage
and SiQ-TiO, were also observed. On the other hand, no dif-because of the steric hindrance between the substrate and hydro-
ference was found between the adsorbtivities of propanal onarbon chain introduced on Si€TiO». On the other hand, the
surface-modified SI®@TiO, {SIO,-TiO,-C, (n=4, 8, 10, and photocatalytic activity level for oxidation of pentafluoroben-
18)} and SiQ-TiOy, the values being 0.41, 0.35, 0.40, 0.36, andzaldehyde on Si®@TiO2-Cg was decreased when hydrocarbon
0.38 mmol dnT3/(100 mg), respectively. chains were introduced on Si€TiO, photocatalysts because
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Fig. 8. Photocatalytic activities for oxidation of aldehydes on fluorocarbon chain-modifiedpti@ders (SiQ-TiO,-Cg(F)) with different degrees of coverage.
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Fig. 9. Photocatalytic activities for oxidation of aldehydes on hydrocarbon-chain modifiecodi@ers (Si@-TiO2-Cg) with different degrees of coverage.

of weaker interaction between pentafluorobenzaldehyde and@/hen benzaldehyde was used as a substrate; HiQy-Ph pho-
hydrocarbon chain on SiATiO». tocatalysts showed higher activity than Si00,-Cg powder.
These results indicate that the interaction between F atormsurthermore, the activity of Si€dTiO2-Cg powder for oxidation
of the substrate and fluorocarbon chains introduced ontg-SiO of heptanal was higher than that of $iDiO»-Ph powder. These
TiO, particles is more important than hydrophobic interac-results suggest that—m interaction between phenyl groups is a
tion for exhibiting selectivity[24,25] These results were sup- more important factor than hydrophobic interaction for exhibit-
ported by the difference in adsorbtivities of aldehydes betweeing selectivity for oxidation of benzaldehyde. In addition, an
SiOL-TiO2-Cg(F) and SiQ-TiO, particles. The adsorbtivi- important factor for selective oxidation of heptanal is thought to
ties of pentafluorobenzaldehyde on SiiO,-Cg(F) (cover-  be hydrophobic interaction between the functional group intro-
age: 62.9%) and SiTiO, particles were about 1.31 and duced on surface-modified Si€XiO, photocatalysts and the
0.65 mmol dn3/(100 mg), respectively. On the other hand, nosubstrates. These results are also supported by adsorbtivities of
difference was found in the adsorbtivities of benzaldehyddhese substrates on SiJiO2, SiO,-TiO2-Cg, and SiQ-TiO»-
between Si@-TiO2-Cg(F) (coverage: 62.9%) and SiEXiO» phyenyl particles. The adsorbtivities of benzaldehyde on the
particles, the values being 0.81 and 0.67 mmotéffl00mg),  surfaces of Si@ TiO,, SiOy-TiO,-Cg, and SiQ-TiO»-Ph parti-
respectively. clesare 0.25, 0.47, and 1.08 mmol d¥(100 mg), respectively.
The selectivity of SiQ-TiO, modified with phenyl and The amounts of adsorbed heptanal on the surfaces gf B0y,
hydrocarbon (@) groups for oxidation of aldehyde compounds SiO,-TiO»-Cg, and SiQ-TiO2-Ph particles are 0.29, 1.13, and
was also investigated, and the results are showRign 10 0.97 mmol dn3/(100 mg), respectively.
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