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Modified photocatalyst sol 5 BACKGROUND OF THE INVENTION Field of the
Invention The present invention relates to a modified photo 10 15 20 25
catalyst sol. More particularly, the present invention is concerned with a
modified photocatalyst sol comprising a liquid medium having dispersed
therein particles of a modified photocatalyst, wherein the modified
photocatalyst particles are prepared by subjecting particles of a
photocatalyst to a modification treatment with at least one modifier
compound selected from the group consisting of different compounds each
independently comprising at least one structural unit selected from the
group consisting of a monooxydiorganosilane unit, a dioxyorganosilane unit
and a difluoromethylene unit, and wherein the modified photocatalyst
particles have a specific volume mean particle diameter. The present
invention is also concerned with a modified photocatalyst composition
comprising the abovementioned modified photocatalyst sol and a functional
substance. When a film containing a modified photocatalyst is formed on the
surface of a substrate by us     9 October. 2002 2 ing the above-mentioned
modified photocatalyst sol or modified photocatalyst composition, not only
can the modified photocatalyst be strongly immobilized on the surface of
the substrate under moderate conditions 5 without Buff Bring a lowering of
the activity of the modified photocatalyst, but also any of the film formed
and the substrate covered with the film are not dete riorated by the action
of the modified photocatalyst. Further, the above-mentioned film exhibits
excellent 10 properties with respect to transparency, durability, staining
resistance, hardness and the like. Therefore, the above-mentioned modified
photocatalyst sol and modified photocatalyst composition are extremely
useful for, e.g., preventing dirt from adhering to the sur 15 faces of
various substrates, and preventing fogging 



from occurring on the surfaces of various substrates. The present invention
is also concerned with a film formed using the above-mentioned modified
photo catalyst sol or modified photocatalyst composition, a 20 functional
composite comprising the film and a substra to covered with the film, and a
shaped article produced by shaping the above-mentioned modified
photocatalyst composition. 25 Prior Art   9 October, 20O2 3 When specific
types of substances are irradiated with light having energy which is larger
than the ener gy gap (band gap) between the conduction band and the valence
band of these substances, i.e., irradiated with 5 light (excitation light)
having a wavelength smaller than a wavelength corresponding to the band gap
of these substances, the light energy causes an excitation
(photoexcitation) of the electrons in the valence band, so that an electron
and a hole are, respectively, gen 10 erated in the conduction band and the
valence band. By using the reducing activity of the electron generated in
the conduction band and/or using the oxidizing activity of the hole
generated in the valence band, various chemical reactions can be performed.
15 That is, when the above-mentioned substances are irradiated with
excitation light, they can function as catalysts. Therefore, the
above-mentioned substances - are called "photocatalysts." As a most
representative example of such photocatalysts, titanium oxide is known. 20
As examples of chemical reactions catalyzed by the photocatalysts, there
can be mentioned oxidative decomposition reactions .of various organic
substances. Therefore) when the photocatalysts are immobilized on the
surfaces of various substrates, it is possible to 25 cause various organic
substances which have adhered to   9 October, 2002 4 the surfaces of the
substrates to undergo oxidative de composition by light irradiation. On the
other hand, it is known that, when photo catalysts are irradiated with
light, the hydrophilicity 5 of the surf ace of the photocatalysts is
increased. Therefore, when photocatalysts are immobilized on the surface of
various substrates, it is possible to increase the hydrophilicity of the
surface of the substrates by light irradiation. 10 In recent years, studies
have been made for apply ing the above-mentioned properties of
photocatalysts to various fields, such as the field of environmental
clean-up, fields in which it is necessary to prevent dirt from adhering to
the surface of various substrates, 



15 and fields in which it is necessary to prevent fogging from occurring on
the surfaces of various substrates. For enabling such applications, the
method for immobi lining photocatalysts on the surface of various sub
strates has a great importance. 20 With respect to the method for
immobilizing a pho tocatalyst on the surface of a substrate) various
proposals have been made. For example, Unexamined Japanese fatent
Application Laid-Open Specification No. 60044053 discloses a method for
immobilizing a photocata 25 lyst on the surface of a substrate, in which a
thin   9 October, 2002 5 film of a photocatalyst is formed on the surface
of a substrate by sputtering. Of these methods which have been proposed,
one which has been attracting attention as being especially 5 advantageous
is a method for immobilizing a photocata lyst on the surface of a
substrate, in which a composition containing a photocatalyst is coated on
the surface of a substrate to thereby form a photocatalyst -containing film
thereon. 10 In the above-mentioned method for immobilizing a photocatalyst
by coating, it is required: O that the photocatalyst be strongly
immobilized on the surface of the substrate without suffering a lowering of
the activity of the photocatalyst, and 15 O that any of the film formed and
the substrate covered with the film formed be not deteriorated by the
action of the photocatalyst. Further, for broadening the application field
of the above-mentioned method, it is desired: 20 O that the immobilization
can be performed under moderate conditions (for example, at room
temperature to about 100 C), and  that the film formed exhibits excellent
proper ties with respect to transparency, durability, staining 25
resistance, hardness and the like.   9 October, 2002 6 For immobilizing a
photocatalyst by coating, vari ous methods have conventionally been
proposed. For example, Unexamined Japanese Patent Applica 



5 10 15 tion Laid-Open Specification No. 60-118236 discloses a method in
which a sol containing a photocatalyst precursor (for example an
organotitanate) is coated on the surface of a substrate) and the resultant
film is caltined to thereby convert the photocatalyst precursor into a
photocatalyst while immobilizing the formed photocatalyst on the surface of
the substrate. However, this method includes a step for forming crystalUne
micxoparticles of a photocatalyst, wherein this step requires calcination
at high temperatures. Therefore, this method has a disadvantage in that,
when the substrate has a large surface area, it is difficult to perform the
immobilization of the photocatalyst. As a method which uses a sol
containing a photo 20 25 catalyst (and which, hence, does not require a
step for forming crystalline microparticles of a photocatalyst) ,
Unexamined Japanese Patent Application Laid-Open Specification No. 6-278241
discloses a method for immobilizing a photocatalyst on the surface of a
substrate, in which a water-peptized sol of titanium oxide is coated on the
surf ace of a substrate. However, since a titanium oxide sol cannot exhibit
a film-forming property under   9 October, 2002 7 moderate conditions, this
method also requires calcination at high temperatures. Further, the film
obtained by this method is brittle and easily broken and comes off from the
substrate, so that it is impossible to al 5 low the photocatalyst to
exhibit its effect at the sur face of the substrate. Also, methods have
been proposed in which a resin coating material containing a photocatalyst
is coated on the surface of a substrate. For example, each of 10 Unexamined
Japanese Patent Application Laid-Open Speci f ication Nos. 7-171408 and
9-100437 discloses a method in which a photocalyst is incorporated into a
resin coating material containing, as a film-forming element, a resin which
is unlikely to be decomposed by the ac 15 tion of a photocatalyst, such as
a fluoro resin or a silicone resin, and the resultant photocalyst
containing coating material is coated on the surface of - a substrate.
However, in the resin coating materials used in these methods, the
dispersion of the photocata 20 lyst is poor and, therefore, the coating
materials be come white turbid. Further, for obtaining a good film by these
methods, it is necessary for the coating materials to contain a large
amount of a resin, and this use of a large amount of a resin poses
a-problem in 25 that the photocatalyst is embedded in the film and,   9
October, 2002 8 hence, cannot exhibit a satisfactory activity. As a method
for solving these problems, Unexamined Japanese Patent Application
Laid-Open Specification No. 9-314052 discloses a method which uses a
combination of 5 a resin coating material and photocatalyst particles
having a controlled wettability with respect to the solvent contained in
the resin coating material. In this method, the resin coating material is
first coated on the surface of a substrate and, then, before the 10 curing
of the coating material is completed, the above mentioned photocatalyst
particles are coated on the coating material. However, this method is
disadvantagenus in that not only is the operation cumbersome, but also a
homogeneous and transparent film cannot be ob 15 tained. The
above-mentioned patent document also dis 



closes a method intended to simplify the operation, specifically a method
in which a mixture of a resin coating material and photocatalyst particles
having a controlled wettability with respect to the solvent con 20 tamed in
the resin coating material is coated on the surface of a substrate.
However, the photocatalyst cannot be prevented from being embedded in the
film by using photocatalyst particles having a controlled wettability with
respect to the solvent, and most of the 25 photocatalyst particles are
completely embedded in the   9 Octobgr, 20O2 9 film and, hence, cannot
exhibit a satisfactory activity. Thus, no method has yet been known which
is for immobilizing a photocatalyst on the surface of a sub strate by
coating and which satisfies a11 of the above 5 mentioned requirements [err]
to . SUMMARY OF THE INVENTION In this situation, the present inventor has
made extensive and intensive studies with a view toward de 10 veloping a
method for immobilizing a photocatalyst on the surface of a substrate
wherein the method satisfies a11 of the above-mentioned requirements ~O to
. As a result, it has unexpectedly been found that, when a film containing
a modified photocatalyst is 15 formed on the surface of a substrate either
by using a modified photocatalyst sol comprising a liquid medium having
dispersed therein particles of a modified photo catalyst, wherein the
modified photocatalyst particles are prepared by subjecting particles of a
photocatalyst 20 to a modification treatment with at least one modifier
compound selected from the group consisting of different compounds each
independently comprising at least one structural unit selected from the
group consisting of a monooxydiorganosilane unit) a dioxyorganosilane 25
unit and a difluoromethylene unit, and wherein the   9 October, 2002 10
modified photocatalyst particles have a specific volume mean particle
diameter, or by using a modified photo catalyst composition comprising the
above-mentioned modified photocatalyst sol and a functional substance, 5
all of the above-mentioned requirements O to  are 



satisfied and the modified photocatalyst is not em bedded in the film and,
hence, can exert a satisfactory effect at the surface of the film. It has
also been found that each of a film formed 10 using the above-mentioned
modified photocatalyst sol or modified photocatalyst composition, a
functional composite comprising the film and a substrate covered with the
film, and a shaped article produced by shaping the above-mentioned modified
photocatalyst composition, en 15 ables the modified photocatalyst contained
therein to exert a satisfactory effect at a surface of each of the film,
the functional composite and the shaped article, - thereby effectively
preventing dirt from adhering to the surface thereof and effectively
preventing fogging 20 from occuring on the surface thereof. Based on these
novel findings, the present inven tion has been completed. Accordingly, it
is a primary object of the present invention to provide a modified
photocatalyst sol and a 25 modified photocatalyst composition comprising
the modi   9 October, 2002 11 f ied photocatalyst sol and a functional
substance, wherein the modified photocatalyst sol and the modified
photocatalyst composition have an advantage in that when a film containing
a modified photocatalyst is 5 formed on the surface of a substrate by using
the modi f ied photocatalyst sol or modified photocatalyst composition, the
modified photocatalyst can be strongly immobilized on the surface of the
substrate under moderato conditions without suffering a lowering of the ac
10 tivity of the modified photocatalyst. It is another object of the
present invention to provide a film, a functional composite comprising the
film and a substrate covered with the film, and a shaped article, each of
which can effectively prevent 15 dirt from adhering to the surface thereof
and effec tively prevent fogging from occuring on the surface thereof . -
The foregoing and other objects, features and ad vantages of the present
invention will be apparent from 20 the following detailed description and
appended claims taken in connection with the accompanya~ng drawings. BRIEF
DESCRIPTION OF THE DRAWINGS In the drawings:  25 Fig. 1 is a graph showing
the spectral energy dis   



9 October, 2002 12 tribution of light emitted from an FL20S~N-SDL NU fluo
rescent lamp (manufactured and sold by TOSHIBA LIGHTING AND TECHNOLOGY CO.,
LTD., Japan); Fig. 2 is a graph showing the data obtained by 5 measuring,
by means of an energy-dispersive X-ray spec trometer, the distribution of
the titanium atoms in a cross-section of a coating which has been formed on
the surf ace of an OHP (overhead projector) film by using the modified
photocatalyst composition produced in Ex 10 ample 17; and Fig. 3 is a graph
showing the data obtained by measuring, by means of an energy-dispersive
X-ray spec trometer, the distribution of the titanium atoms in a
cross-section of a coating which has been formed on the 15 surface of an
OHP {overhead projector) film by using the modified photocatalyst
composition produced in Ex ample 18. DETAILED DESCRIPTION OF THE INVENTION
20 According to the present invention, there is provided a modified
photocatalyst sol comprising a liq uid medium having dispersed therein
particles of a modified photocatalyst, the particles of a modified
photocatalyst being 25 prepared by subjecting particles of a photocatalyst
to   9 October, 2002 13 a modification treatment with at least one modifier
compound selected from the group consisting of different compounds each
independently comprising at least one structural unit selected from the
group consisting 5 of a monooxydiorganosilane unit represented by formula
(1), a dioxyorganosilane unit represented by formula (2), and a
difluoromethylene unit represented by for mula (3): 10 -(RlR2Si0)- (1)
wherein each of R1 and R2 independently represents a hydrogen atom, a
straight chain or branched C1-C30 alkyl group, a C5-C20 cyclo 15 alkyl
group or a C6-C20 aryl group which is unsubstituted or substituted with at
least one substituent selected from the group consisting of a C1-C20 alkyl
group, a C1-C20 alkoxy group and a halogen atom, 20 



R? Si-0 (2) O 25 wherein R1 is as defined for formula (1), and   9 October,
20O2 - r 14 -(CF2) (3), the modified photocatalyst particles having a
volume 5 mean particle diameter of 800 nm or less. For easy understanding
of the present invention, the essential features and various pref erred
embodi ments of the present invention are enumerated below. 10 1. A
modified photocatalyst sol comprising a liquid medium having dispersed
therein particles of a modified photocatalyst, the particles of a modified
photocatalyst being 15 prepared by subjecting particles of a photocatalyst
to a modification treatment with at least one modifier compound selected
from the group consisting of differ ent compounds each of which
independently comprises at least one structural unit selected from the
group con 20 sisting of a monooxydiorganosilane unit represented by formula
(1), a dioxyorganosilane unit represented by formula (2), and a dif
luoromethylene unit represented by formula (3): 25 -(R1R2S10)- (1)   9
October, 2002 15 wherein each of R1 and R2 independently represents a
hydrogen atom, a straight chain or branched C1-C30 alkyl group, a C5-C20
cyclo 5 alkyl group or a C6-C20 aryl group which is unsubstituted or
substituted with at least one substituent selected from the group
consisting of a C1-C20 alkyl group, a C1-C20 alkoxy group and a halogen
atom, 10 R1 Si-O I (2) 0 15 wherein R1 is as defined for formula (1), and
-(CF2) (3), 



the modified photocatalyst particles having a volume 20 mean particle
diameter of 800 nm or less. 2. The modified photocatalyst sol according to
item 1 above, wherein the photocatalyst particles prior to the modification
treatment have a volume mean particle 25 diameter of 200 nm or less.   9
October, 2O02 16 3. The modified photocatalyst sol according to item 1 or 2
above, wherein the modified photocatalyst parti cles have a volume mean
particle diameter of 200 nm or 5 less to the exclusion of moieties of the
particles which moieties are derived from the modifier compound. 4. The
modified photocatalyst sol according to any one of items 1 to 3 above,
which, after allowed to 10 stand at 30 C for 100 days, maintains a volume
mean particle diameter of the modified photocatalyst parti cles at 800 nm
or less. 5. The modified photocatalyst sol according to any 15 one of items
1 to 4 above, wherein the modifier com pound has a sensitizing group. 6.
The modified photocatalyst sol according to any one of items 1 to 5 above,
wherein the modifier com 20 pound has at least one reactive group selected
from the group consisting of an epoxy group, an acryloyl group, a
methacryloyl group, an acid anhydride group, a keto group, a carboxyl
group, a hydrazine group, an isocyanate group, an isothiocyanate group, a
hydroxyl group, 25 an amino group, a cyclic carbonate group and an ester
9 Octobhr, 2O02 17 group. 7. The modified photocatalyst sol according to
item 6 above, wherein the modifier compound has at least one 5 reactive
group selected from the group consisting of a hydrazine group and a keto
group. 8. The modified photocatalyst sol according to any one of items 1 to
7 above, wherein the modifier com 10 pound is self-emulsifiable or soluble
in water. 9. The modified photocatalyst sol according to any one of items Z
to 8 above, wherein the modifier com pound contains at least one silicon
atom having bonded 15 thereto at least one hydrogen atom. 10. The modified
photocatalyst sol according to item 9 - above, wherein the modification
treatment is conducted in the presence of a dehydrogenation-condensation
cata20 lyst which has dehydrogenation-condensation activity with respect to
the hydrogen atom bonded to the silicon atom of the modifier compound. 



11. The modified photocatalyst sol according to item 25 10 above, wherein
the dehydrogenation-condensation   9 October, 2O02 is catalyst comprises at
least one metal of the platinum group or a compound thereof. 12. The
modified photocatalyst sol according to any 5 one of items 9 to 11 above,
wherein the modifier com pound is a silicon compound having an average
structural composition represented by the following formula (4): 10
HpRqQrXSSiO(4_p_q-r_s)/2 (4) wherein: each R independently represents a
straight chain or branched C1-C30 alkyl group, 15 a C5-C20 cycloalkyl group
or a C6-C20 aryl group which is unsubstituted or substituted with at least
one substituent selected from - the group consisting of a C1-C20 alkyl
group, a C1-C20 alkoxy group and a halogen atom, 20 each Q independently
represents a group having at least one function-imparting group selected
from the group consisting of: 1) at least one hydrophobic group selected
from the group consisting of a 25 straight chain or branched C1-C30 alkyl
9 October, 2002 19 group, a C5-C2p cycloalkyl group and a C6-C2p aryl group
which is unsubstituted or substituted with at least one sub stituent
selected from the group con 5 sisting of a C1-C2p alkyl group, a C1C2p
alkoxy group and a halogen atom, and a C1-C30 f luoroalkyl group; 2) at
least one hydrophilic group se lected from the group consisting of a 10
carboxyl group and a salt thereof, a phosphate group and a salt thereof, a
sulfonic acid group and a salt thereof, and a polyoxyalkylene group; 3) at
least one reactive group selected 15 from the group consisting of an epoxy
group, an aaryloyl group, a methacryloyl group, an acid anhydride group, a
keto group, a hydrazine group, an isocyanate group, an isothiocyanate
group, a hy20 droxyl group, an amino group, a cyclic carbonate group and an
ester group; and 4) at least one sensitizing group, each X independently
represents a hydrolyzable group selected from the group con 25 sisting of a
C1-C2p alkoxy group, a hydroxyl 



9 October, 2002 20 group, a hydroxyimino group, an epoxy group, an amino
group, an amido group, a C1-C20 acyloxy group, an aminoxy group and a
halogen atom, and 5 p, q, r and s satisfy the following relationships: 0 <
p < 4, 0 < q < 4, 0 s r < 4, 10 0 s s < 2 , and (p + q + r + s) < 4. 13.
The modified photocatalyst sol according to item 12 above, wherein the
silicon compound is represented 15 by the following formula (5):
(RlHSiO)a(R12Si0)b(R1QS10)c(R13Si01~2)d (5) wherein: 20 R1 is as defined
for formula (1) and Q is as defined for formula (4), a represents an
integer of 1 or more, each of b and c independently represents an integer
of 0 or more, 25 d is 0 or 2,   9 October, 20O2 21 wherein a, b and c
satisfy the following relation ship: (a + b + c) s 10,000, and wherein when
(a + b + c) z 2 and d is 0, the com5 pound of formula (5) is a cyclic
silicone compound, and when d is 2, the compound of formula (5) is a
straight chain silicone compound. 14. A modified photocatalyst composition
comprising 10 the modified photocatalyst sol of any one of items 1 to 13
above and at least one functional substance. 15. The modified photocatalyst
composition according to item 14 above, wherein the functional substance is
a 15 resin. 16. The modified photocatalyst composition according to item 15
above, wherein the resin is at least one resin selected from the group
consisting of a silicone 20 resin and a fluoro resin. 17. The modified
photocatalyst composition according to item 15 above, wherein the modified
photocatalyst sol is the modified photocatalyst sol of item 6 above, 25 and
the resin is capable of reacting with the reactive   9 October, 2002 22
group of the modified photocatalyst sol. 18. The modified photocatalyst
composition according to item 14 above, wherein the modified photocatalyst
5 sol is the modified photocatalyst sol of item 7 above, and the functional
substance is at least one compound selected from the group consisting of a
polycarbonyl compound and a polyhydrazine compound. 10 19. The modified
photocatalyst composition according to item 14 above, wherein the
functional substance is a coating resin composition. 20. The modified
photocatalyst composition according 15 to item 14 above, wherein the
functional substance is a compound having a surface energy larger than that
of each modified photocatalyst particle. 



21. The modified photocatalyst composition according 20 to item 14 above,
wherein the functional substance is a coating composition comprising a
resin having a surface energy larger than that of each modified
photocatalyst particle. 25 22. A modified photocatalyst composition
comprising   9 October, 2O02 23 modified photocatalyst particles having a
volume mean particle diameter of 800 nm or less and at least one functional
substance, wherein the modified photocata lyst particles are obtained by
removing the liquid me5 dium from the modified photocatalyst sol of any one
of items 1 to 13 above. 23. The modified photocatalyst composition
according to item 22 above, wherein the functional substance is a 10
compound having a surface energy larger than that of each modified
photocatalyst particle. 24. The modified photocatalyst composition
according to item 22 above, wherein the functional substance is a 15
coating composition comprising a resin having a surface energy larger than
that of each modified photocatalyst particle. 25. A modified
photocatalyst/resin composite composi 20 tion which is produced by
polymerizing at least one compound selected from the group consisting of a
vinyl compound and a hydrolyzable silane compound in the presence of the
modified photocatalyst sol of any one of items 1 to 13 above. 25   9
October, 20O2 24 26. A functional composite comprising a substrate and a
film formed on the substrate, the film comprising the modified
photocatalyst sol of any one of items 1 to 13 above. 5 27. A shaped article
produced by shaping the modified photocatalyst composition of any one of
items 14 to 18 above. 10 28. A functional composite comprising a substrate
and a film formed on the substrate, the film comprising the modified
photocatalyst composition of any one of items 14 to 19 above. 15 29. A
shaped article produced by shaping the modified photocatalyst composition
of item 20 above, which is anisotropic with respect to the distribution of
the modified photocatalyst. 20 30. A functional composite comprising a
substrate and a film formed on the substrate, the film comprising the
modified photocatalyst composition of item 20 or 21 above and being
anisotropic with respect to the distribution of the modified photocatalyst.
25   9 Octobcr, 2002 25 31. A shaped article produced by shaping the
modified photocatalyst composition of item 22_above. 32. A functional
composite comprising a substrate and 5 a film formed on the substrate, the
film comprising the modified photocatalyst composition of item 22 above.
33. A shaped article produced by shaping the modified photocatalyst
composition of item 23 above, which is 10 anisotropic with respect to the
distribution of the 



modified photocatalyst. 34. A functional composite comprising a substrate
and a film formed on the substrate, the film comprising the 15 modified
photocatalyst composition of item 23 or 24 above and being anisotropic with
respect to the dis tribution of the modified photocatalyst. 35. A shaped
article produced by shaping the modified 20 photocatalyst/resin composite
composition of item 25 above. 36. A functional composite comprising a
substrate and a film formed on the substrate, the film comprising the 25
modified photocatalyst/resin composite composition of   9 October, 2002 26
item 25 above. Hereinbelow, the present invention is described in detail. 5
The particles of a modified photocatalyst in the modified photocatalyst sol
of the present invention are prepared by subjecting particles of a
photocatalyst to a modification treatment with at least one modifier
compound mentioned below. 10 In the present invention, the term
"modification (of particles of a photocatalyst) means "immobilization of
the below-mentioned at least one modifier compound on the surface of
particles of a photocatalyst". It is considered that the above-mentioned
immobiliza 15 tion of the modifier compound on the surface of parti cles of
a photocatalyst is achieved by van der Waals force (physical adsorption).
Coulomb force or chemical ` bonding. Especially when the modification is
achieved by chemical bonding, the interaction between the modi 20 f ier
compound and the photocatalyst advantageously be comes strong, so that the
modifier compound can be strongly immobilized on the surface of the
photocatalyst particles. Therefore, it is preferred that the modification
is achieved by chemical bonding. 25 Examples of photocatalysts used in the
present in   9 October, 2002 27 vention include Ti02, ZnO, SrTi03, CdS,
GaP, InP, GaAs, BaTi03 , BaTi04 , BaTi409 ( K2Nb03 , Nb205 , Fez03 , Taz05
, K3Ta3Si2O3, W03, SnOz, Bi203, BiV04, N10, CuzO, SiC, Si02, MoS2, InPb,
Ru02 and Ce02. 5 Further examples of photocatalysts include lamel lar
oxides containing at least one element selected from the group consisting
of Ti, Nb, Ta and V (see, for example, Unexamined Japanese Patent
Application LaidOpen Specification Nos. 62-74452, 2-172535, 7-24329, 8 



10 89799) 8-89800, 8-89804, 8-198061, 9-248465) 10-99694 and 10-244165).
Still further examples cf photocatalysts include photocatalysts obtained by
a method in which at least one member selected from the group consisting of
metals 15 of Pt, Rh, Ru, Nb, Cu, Sn, Ni and Fe and oxides thereof is added
to or immobilized on the above-mentioned gho tocatalysts; and
photocatalysts obtained by coating the above-mentioned photocatalysts with
porous calcium phosphate or the like (see Unexamined Japanese Patent 20
Application Laid-Open Specification No. 10-244166). Of these catalysts,
Ti.02 (titanium oxide) is preferred because it has no toxicity and
excellent chemical stability. There are known 3 types of titani um oxide
crystals, i.e., anatase-type, rutile-type and 25 brookite-type. In the
present invention, any of these   9 October, 2002 28 3 types of titanium
oxide crystals can be used. It is preferred that the crystal particle
diameter of the photocatalyst (primary particle diameter) is from 1 to 200
nm, more advantageously from 1 to 50 nm. 5 In the present invention, the
form in which the photocatalyst to be subjected to the modification
treatment is provided is a factor important for the modified photocatalyst
sol to exhibit good dispersion stability, good film-forming properties and
various 10 functions. In the present invention, for the below mentioned
reason, it is preferred that the photocatalyst to be subjected to the
modification treatment is not in the form of a powder but in the form of a
sol. In general, in the case of a photocatalyst powder com 15 prised of
microparticles,single crystal particles (pri mart' particles) are strongly
aggregated to form secon dart' particles, thus causing a great loss of the
sur face properties of the primary particles. It is very difficult to
disaggregate the secondary particles back 20 into primary particles. By
contrast, in the case of a photocatalyst sol, photocatalyst particles are
not dis solved but present in a form close to the primary par ticle form,
so that the surface properties of the pri mart' particles can be
effectively utilized. Therefore, 25 a modified photocatalyst sol obtained
from a photocata   9 October, 2O02 29 



lyst sol exhibits not only good dispersion stability and good film-forming
properties but,also various funcLions. In the photocatalyst sol used in the
present invention, the photocatalyst particles may be either in 5 the f arm
of primary particles or in the form of a mix ture of primary particles and
secondary particles. In general, in the photocatalyst sol used in the
present invention) the photocatalyst particles are present in the form of a
mixture of primary particles and secon 10 dary particles. In the present
invention, from the viewpoint of effectively utilizing the surface
properties of the modified photocatalyst, it is preferred that the photo
catalyst particles prior to the modification treatment 15 have a volume
mean particle diameter of 400 nm or less. In the present invention, from
the viewpoint of producing a transparent film from the modified photo
catalyst sol, it is very preferred that the photocata lyst particles prior
to the modification treatment have 20 a volume mean particle diameter of
200 nm or less. It is more preferred that the photocatalyst particles prior
to the modification treatment have a volume mean particle diameter of 1 to
100 nm, more advantageously 3 to 20 nm. 25 An explanation is made below by
taking a titanium   9 October, 2002 30 oxide sol as an example of a
photocatalyst sol. As an example of a titanium oxide sol, there can be
mentioned a titanium oxide hydrosol, in which titanium oxide partitles are
peptized in a dispersion medium consisting 5 essentially of water (herein
the term "dispersion medi um consisting essentially of water" means a
dispersion medium containing about 80 ~ or more of water). The preparation
of such a hydrosol is known, and such a hydrosol can be easily produced
(see, for example, Unex 10 amined Japanese Patent Application Laid-Open
Specifica tion Nos. 63-17221, 7-819, 9-165218 and 11-43327). For example,
an aqueous solution of titanium sulf ate or titanium tetrachloride is
subjected to hydrolysis under heating to thereby form metatitanic acid. The
obtained 15 metatitanic acid is neutralized with aqueous ammonia to thereby
deposit titanium oxide hydrate, and the ob tained titanium oxide hydrate is
subjected to filtra tion, washing and dehydration to thereby obtain an ag
gregate of titanium oxide particles. The obtained ag 20 gregate is peptized
by the action of nitric acid, hy drochloric acid or ammonia, and, then,
subjected to a hydrothermal treatment or the like to thereby obtain a
titanium oxide hydrosol. Further examples of titanium oxide hydrosols
include those hydrosols obtained by a 25 method in which titanium oxide
particles are peptized   9 October, 2002 3I in water by the action of an
acid or an alkali, and those hydrosols obtained by a method.in which
titanium oxide particles are dispersed in water under a strong shearing
force and in which any of an acid and an alka 5 li is not used and, if
desired, a dispersant, such as 



sodium polyacrylate, is used. Also, by the method proposed in Unexamined
Japanese Patent Application LaidOpen Specification No. 10-67516, there can
be easily obtained a sol of anatase-type titanium oxide in which 10 the
particles have their surface modified with a peroxo group and exhibit
excellent dispersion stability even in an aqueous solution having a pH
around neutrality. The above-described titanium oxide hydrosols are
commercially available as titania sols. (Examples of 15 commercially
available titania sols include "STS-02", manufactured and sold by Ishihara
Sangyo Kaisha, Ltd.) Japan, and "TO-240", manufactured and sold by TANAKA
TENSHA CO., LTD., Japan.) Each of the above-described titanium oxide hydro
20 sols has a solids content of 50 ~ by weight or less, preferably 30 ~ by
weight or less, more preferably 0.1 to 30 ~ by weight. Such a hydrosol has
a relatively low viscosity (as measured at 20 C). In the present invention,
the hydrosol may have a viscosity in the 25 range of from 2,000 cps to 0.5
cps. It is preferred   9 October. 2002 32 that the hydrosol has a viscosity
in the range of from 1,000 cps to 1 cps, more advantageously 500 cps to 1
cps. In addition to the methods for producing titanium 5 oxide sols, also
known are methods for producing vari ous other types of photocatalyst sols,
for example, a cerium oxide sol (see Unexamined Japanese Patent Application
Laid-Open Specification No. 8-59235) and a sol of a lamellar oxide
containing at least one element se 10 lected from the group consisting of
Ti, Nb, Ta and V (see, for example, Unexamined Japanese Patent Applica tion
Laid-Open Specification Idos. 9-25123, 9-67124, 9 227122, 9-227123 and
10-259023). The above-mentioned photocatalyst sols are 15 preferred since
the modified photocatalyst sol of the present invention can be obtained
simply by subjecting these photocatalyst sols to a modification treatment
with the above-mentioned modifier compound. The at least one modifier
compound used in the 20 present invention is selected from the group
consisting of different compounds each independently comprising at least
one structural unit selected from the group consisting of a
monooxydiorganosilane unit represented by formula (1), a dioxyorganosilane
unit represented by 25 formula (2), and a difluoromethylene unit
represented   9 October, 2002 33 



by formula (3): -(RlR2Si0)- (1) 5 wherein each of R1 and R2 independently
represents a hydrogen atom, a straight chain or branched Cl-C30 alkyl
group, a C5-C20 cycloalkyl group or a C6-C20 aryl group which is
unsubstituted or substituted with at least 10 one substituent selected from
the group consisting of a C1-C20 alkyl group, a C1-C20 alkoxy group and a
halogen atom) R1 Si-O 15 ~ (2) O ' wherein R1 is as defined for formula
(1), and 20 -(CF2) (3). In the case of the use of a modifier compound which
comprises at least one structural unit selected from the group consisting
of a monooxydiorganosilane 25 unit represented by formula (1) and a
dioxyorganosilane   9 October, 2002 34 unit represented by formula (2), the
obtained modified photocatalyst exhibits various activities when irradiated
with excitation light, wherein such various activities can be exhibited,
for example, at the surface 5 of a film which is formed from the modified
photocata lyst sol or modified photocatalyst composition of the present
invention and at the surface of a shaped article which is formed from the
modified photocatalyst composition of the present invention. Further, when
10 the modified photocatalyst has the monooxydiorganosi lane unit
represented by formula (1) and/or the dioxyorganosilane unit represented by
formula (2), Rl and R2 groups in these units will be replaced by hydroxyl
groups by the action of the modified photocatalyst. As 15 a result of the
replacement of R1 and R2 groups by hy droxyl groups, the surf ace of the
above-mentioned film and shaped article increases hydrophilicity. Also, the
- formed hydroxyl groups undergo dehydration-condensation reaction with
each other, so that the surface of the 20 above-mentioned film and shaped
article is caused to have very high hardness. When a modifier compound
which comprises a difluo romethylene unit represented by formula (3) is
used, a film and a shaped article each having not only a photo 25 catalyst
activity but also very high hydrophobicity can   9 October, 2O02 35 be
obtained from the modified photocatalyst sol or modified photocatalyst
composition of. the present in 



vention. In the present invention, it is preferred that the 5 modifier
compound has a sensitizing group. The term sensitizing group" means a group
derived from any of various metal complexes and organic dyes wherein the
metal complexes and organic dyes exhibit an absorption in the visible light
region and/or the in 10 frared light region (hereinafter, such metal
complexes and organic dyes are referred to as "sensitizing dyes"). When a
modifier compound having a sensitizing group is used, the modified
photocatalyst sol of the present invention can exhibit a catalyst activity
and a photoe 15 lectric conversion function not only when irradiated with
ultraviolet light but also when irradiated with visible light and/or
infrared light. Examples of sensitizing dyes include xanthene dye, oxonol
dye, cyanine dye, merocyanine dye, rhodacyanine 20 dye, styryl dye,
hemicyanine dye, phthalocyanine dye (including metal complexes thereof),
porphyrin dye (ineluding metal complexes thereof), triphenylmethane dye,
perylene dye, coronene dye, azo dye, nitrophenol dye, complexes of
ruthenium, osmium, iron and zinc (de 25 scribed in Unexamined Japanese
Patent Application Laid   9 October, 2002 36 Open Specification No.
1-220380 and Japanese Patent Application prior-to-examination Publication
(kohyo) No. 5-504023), and metal complexes, such as of Ruthenium Red and
the like. 5 Of these sensitizing dyes, preferred are those dyes which have
characteristics that an absorption is exhibited in the wavelength range of
400 nm or more and that the energy level (the oxidation-reduction poten
tial of the excited state) of the lowest unoccupied mo 10 lecular orbital
is higher than the energy level of the conduction band of the
photocatalyst. The abovementioned characteristics of preferred sensitizing
dyes can be confirmed by, for example, the measurement of the light
absorption spectrum in the infrared, visible 15 and ultraviolet regions,
the measurement of the oxida tion-reduction potential by an electrochemical
method (see, for example, T. Tani, Photogr. Sci. Eng., 14, 72 (1970); R. W.
Herriman et al.) ibid., 17. 235 (1973); P. B. Gilman Jr., ibid., 18, 475
(1974)), the calculation 20 of the energy level by using the molecular
orbital method (see, for example, T. Tani et al., Photogr. Sci. Eng., 11,
129 (1967); D. M. Sturmer et al.) ibid., 17. l46 (1973); ibid., 18, 49
(1974); R. G. Selby et al., J. Opt. Soc. Am., 33, 1 (1.970)), and a method
in which a 25 wet-type Gratzel solar cell is produced using the pho   9
October, 2002 



37 tocatalyst and a sensitizing dye, and the solar cell is irradiated with
light and observed with respect to the presence or absence of an
electromotive force and to the eff iciency . 5 Examples of pref erred
sensitizing dyes having the above-mentioned characteristics include
compounds having a 9-phenyl xanthene skeleton, ruthenium complexes
containing a 2,2'-bipyridine derivative as a ligand, compounds having a
perylene skeleton, phthalocyanine 10 type metal complexes and porphyrin
type metal complexes. With respect to the method for obtaining the modi
fier compound having a sensitizing group derived from a sensitizing dye,
there is no particular limitation. For example, such a modifier compound
can be obtained 15 by reacting a modifier compound having the below
mentioned reactive group with a sensitizing dye which is reactive with the
reactive group. - In the present invention, it is preferred that the ,-
modifier compound has at least one reactive group se 20 lected from the
group consisting of an epoxy group, an acryloyl group, a methacryloyl
group, an acid anhydride group) a keto group, a carboxyl group, a hydrazine
group, an isocyanate group, an isothiocyanate group, a hydroxyl group, an
amino group, a cyclic carbonate 25 group and an ester group.   9 October,
2002 38 A modified photocatalyst sol which is obtained by using a modifier
compound having the above-mentioned reactive group has cross-linking
abilities and hence can form a film having excellent durability and the 5
like. It is especially preferred that the modifier compound has at least
one reactive group selected from the group consisting of a hydrazine group
and a keto group, wherein the hydrazine group is represented by formula l0
(6) -NR12NH2 (6) wherein R12 represents a hydrogen atom or a C1-C20 15
alkyl group. The reason for this preference is because, when such a
modifier compound is used) the modified photocatalyst sol of the present
invention not only exhibits both good low-temperature curability and good
storage sta20 bility, but is also susceptive to a hydrazone (semicar
bazone) cross-linking reaction, which is useful for forming a film having
excellent properties with respect to water resistance, staining resistance,
hardness and the like. 25 In the present invention, it is preferred that
the   9 October, 20O2 



39 modifier compound is self-emulsifiable or soluble in water. Such a
modifier compound can be obtained by introducing a hydrophilic group into a
modifier compound. Examples of hydrophilic groups include a carboxyl group
5 and a salt thereof, a phosphate group and a salt thereof, a sulfonic acid
group and a salt thereof, and a polyoxyalkylene group. When a modifier
compound having a hydrophilic group is used, the obtained modified
photocatalyst has very good dispersion stability in wa10 ter, so that there
can be easily obtained a modified photocatalyst sol (hydrosol) of the
present invention containing modified photocatalyst particles having a
volume mean particle diameter of 800 nm or less. .__' Pref erred examples
of groups having the above 15 mentioned hydrophilic groups include a group
having a polyoxyethylene group, which is represented by the following
formula (7): -CHzCH2CHZ0 ( CH2CHz0 ) mR' ( 7 ) 20 wherein m represents an
integer of from 1 to 1000 and R' represents a hydrogen atom or a straight
chain or branched C1-C30 alkyl group; 25 a group having a sulfonic acid
group or a salt   9 October, 2002 40 thereof, which is represented by the
following formula (8): CH20CH2CH2CH2' (8) R OCH2CH0(CH2CH20)nS03B wherein n
represents an integer of from 1 to 100; R8 represents a straight chain or
10 branched C1-Cg0 alkyl group; and B repre Bents a hydrogen atom, an
alkali metal atom or an unsubstituted or substituted ammonium ion
represented by the following formula: 15 ~ HNR9R1R11 wherein each of R9, R1
and R11 independently represents a hydrogen atom or a straight w chain or
branched C1-C20 alkyl group unsub 20 stituted or substituted with a
hydroxyl group; and a group having a carboxyl acid group or a salt thereof,
which is represented by the following formula 25   



9 Octobgr, 2002 41 N2 H \COOB ( 9 ) 5 OB wherein each B independently
represents a hydrogen atom, an alkali metal atom or an unsubstituted or
substituted ammonium ion 10 represented by the following formula: HNR9R1R11
wherein each of R9 , R1 and R11 independently 15 represents a hydrogen atom
or a straight chain or branched C1-C20 alkyl group unsubstituted or
substituted with a hydroxyl ` group. Examples of modifier compounds used
for preparing 20 the modified photocatalyst sol of the present invention
wherein the modifier compounds comprise at least one structural unit
represented by formula (1) and/or formula (2) above include: a silicon
compound having a reactive group which 25 bonds chemically with particles
of a photocatalyst)    9 October, 2002 42 such as an Si-H group, a
hydrolysable silyl group (e. g., an alkoxysilyl group, a hydroxysilyl
group, a halagen ated silyl group, an acetoxysilyl group, an aminoxysilyl
group and the like), an epoxy group, an acetoacetyl 5 group, a thiol group
or an acid anhydride group (with respect to the silicon compound having an
Si-H group and the silicon compound having a hydrolysable silyl group,
explanations will be made below); and a silicon compound having a
hydrophilic group 10 which exhibits high affinity to particles of a photo
catalyst, such as a polyoxyalkylene group. As examples of such silicon
compounds, there can be mentioned: a silicon compound having at least one
silicon 15 atom directly bonded to a hydrogen atom (hereinafter referred to
as a "silicon compound containing an Si-H group"), wherein the silicon
compound has an average structural composition represented by the following
` formula (4): 20 HpRqQrXSSIO(4_p_q_r_s)~2 (4) wherein: each R
independently represents a 25 straight chain or branched C1-C30 alkyl
group)   



9 Octobgr. 20O2 43 a C5-C2p cycloalkyl group or a C6-C2p aryl group which
is unsubstituted or substituted with at least one substituent selected from
the group consisting of a C1-C2p alkyl group, 5 a C1-C2p alkoxy group and a
halogen atom, each Q independently represents a group having at least one
function-imparting group selected from the group consisting of: 1) at least
one hydrophobic group se10 lected from the group consisting of a straight
chain or branched C1-C3p alkyl group, a C5-C2p cycloalkyl group and a
C6-C2p aryl group which is unsubstituted or substituted with at least one
sub 15 stituent selected from the group con sisting of a C1-C2p alkyl
group, a C1C2p alkoxy group and a halogen atom, and a C1-C3p fluoroalkyl
group; w 2) at least one hydrophilic group se 20 lected from the group
consisting of a carboxyl group and a salt thereof, a phosphate group and a
salt thereof, a sulfonic acid group and a salt thereof, and a
polyoxyalkylene group; 25 3) at least one reactive group selected   9
October) 2002 44 from the group consisting of an epoxy group, an acryloyl
group, a methacryloyl group, an acid anhydride group, a keto group, a
hydrazine group, an isocyanate 5 group, an isothiocyanate group, a hydroxyl
group, an amino group, a cyclic carbonate group and an ester group; and 4)
at least one sensitizing group, each X independently represents a hydro10
lyzable group selected from the group consisting of a C1-C20 alkoxy group,
a hydroxyl group, a hydroxyimino group, an enoxy group, an amino group, an
amido group, a C1-C20 acyloxy group, an aminoxy group and a halogen 15
atom) and p, q, r and s satisfy the following relationships: ` 0 < p < 4, 0
< q < 4, 20 0 s r < 4, 0 s s < 2 , and (p + q + r + s) < 4; a reaction
product obtained by reacting the abovementioned silicon compound containing
an Si-H group 25 with a vinyl silicone compound represented by the fol   9
October, 2002 45 lowing formula (5'): CHZ=CH-(RlRlSiO)e-{R1R1S1)-CH=CH2
(5') 5 wherein: 



each R1 independently represents a straight chain or branched C1-C30 alkyl
group, a C5-C20 cycloalkyl group or a C6-C20 aryl group which is
unsubstituted or substituted 10 with at least one substituent selected from
the group consisting of a C1-C20 alkyl group, a C1-C20 alkoxy group and a
halogen atom, and a represents an integer of from 1 to 10,U00; and 15 a
silicon compound having a hydrolysable silyl group, which has an average
structural composition represented by the following formula (10): Rqx'
Ssio~4_q_S~~Z { 10 ) 20 wherein: each R independently represents a straight
chain or branched C1-C30 alkyl group, a C5-C20 cycloalkyl group or a C6-C20
aryl 25 group which is unsubstituted or substituted   9 October, 20O2 46
with at least one substituent selected from the group consisting of a
C1-C20 alkyl group, a C1-C20 alkoxy group and a halogen atom, each X'
independently represents a hy 5 drolyzable group selected from the group
consisting of a C1-C20 alkoxy group, a hydroxyl group, an epoxy group, a
C1-C20 acyloxy group, an aminoxy group and a C1-C20 oxime group, and 10 q
and s satisfy the following relation ships: 0 < q < 4, 0 < s < 4 , and 0 <
(q + s) s 4. 15 Examples of modifier compounds used for preparing the
modified photocatalyst sol of the present invention wherein the modifier
compounds comprise at least one - structural unit represented by formula
(3) above in x elude C1-Cg0 fluoroalkyl compounds and fluoroalkylene 20
compounds each having a number average molecular weight of from 100 to
1,000,000 wherein each of the fluoroal kyl compounds and fluoroalkylene
compounds has: a reactive group which forms a chemical bonding with
particles of a photocatalyst, such as an Si-H 25 group, a hydrolysable
silyl group (e. g., an alkoxysilyl   9 October, 2002 47 group, a
hydroxysilyl group, a halogenated silyl group, an acetoxysilyl group, an
aminoxysilyl group and the like), an epoxy group, an acetoacetyl group, a
thiol group and an acid anhydride group; or 5 a hydrophilic group which
exhibit high affinity to particles of a photocatalyst, such as a
polyoxyalkylene group. As specific examples of such modifier compounds,
there can be mentioned: 10 a fluoroalkyl compound represented by the
following formula (11): CF3(CF2)g-Y-(V)W (11) 15 wherein: 



g represents an integer of from 0 to 29; Y represents an organic group
having a - valence of w and a molecular weight of from ' 14 to 50,000; 20 w
represents an integer of from 1 to 20; each V independently represents a
func tional group selected from the group consisting of an epoxy group, a
hydroxyl group, an acetoacetyl group, a thiol group, an acid an 25 hydride
group, a carboxyl group, a sulfonic   9 October, 2002 48 acid group, a
polyoxyalkylene group and a group represented by the following formula:
-SiWXRy 5 wherein: each W independently represents a functional group
selected from the group consisting of a C1-C20 alkoxy 10 group, a hydroxyl
group, a C1-C20 acyloxy group, a halogen atom, a hydrogen atom, a C1-C20
oxime group, an enoxy group, an aminoxy group and an amido group; 15 each R
independently represents a straight chain or branched C1-C30 alkyl group, a
C5-C20 cycloalkyl group or a C6-C20 aryl group which is unsubstituted or
substituted with 20 at least one substituent selected from the group
consisting of a C1C20 alkyl group, a Cl-C20 alkoxy group and a halogen
atom; and x represents an integer of from 25 1 to 3 and y represents an
integer   9 October, 2002 49 of from 0 to 2, wherein x + y = 3, and a
fluoroolefin polymer represented by the following formula (12): 5 A1 A3 /~5
1 I CF2 i j (12) A2 A4 Y-Mw 10 wherein: each A1 to AS independently
represents an atom or group selected from the group consisting of a
fluorine atom, a hydrogen atom, a 15 chlorine atom, a C1-Cg alkyl group and
a halogenated C1-C6 alkyl group; m represents an integer of from ` 10 to
1,000,000; ,. n represents an integer of from 20 0 to 1,000,000; Y
represents an organic group having a valency of w and a molecular weight of
from 14 to 50,000; w represents an integer of from 25 1 to 20; and   9
October, 2002 



50 V is as defined for formula (11) above. As specif is examples of such
fluoroalkyl compounds and f luoroolefin polymers, there can be mentioned
fluo 5 roalkylsilanes (such as 2-perfluorooctylethyltrime thoxysilane),
Nafion resins, and copolymers of a fluoroolefin (such as
chlorotrifluoroethylene and tetraf luoroethylene) with a monomer (such as a
vinyl ether, a vinyl ester, an allyl compound or the like) 10 having a
functional group, such as an epoxy group, a hydroxyl. group, a carboxyl
group, an acetoacetyl group, a thiol group, a cyclic acid anhydride group,
a sul fonic acid group or a polyoxyalkylene group. Further, as an example
of the modifier compounds 15 used for preparing the modified photocatalyst
sol of the present invention wherein the modifier compounds comprise at
least one structural unit represented by - formula (1} and/or formula (2)
and at least one struc `.". tural unit represented by formula (3), there
can be 20 mentioned a silicon compound having a fluoroalkyl group and a
reactive group which forms a chemical bonding with particles of a
photocatalyst, such as an Si-H group, a hydrolysable silyl group {e. g., an
alkoxysilyl group, a hydroxysilyl group, a halogenated silyl group, 25 an
acetoxysilyl group, an aminoxysilyl group and the   9 October, 20O2 51
like), an epoxy group, an acetoacetyl group, a thiol group or an acid
anhydride group. The modified photocatalyst sol of the present in vention
can be obtained by a method comprising: 5 mixing, in water and/or an
organic solvent, (A) the above-mentioned photocatalyst with (B) the
abovementioned modifier compound, wherein the ratio of the weight (in terms
of the weight of the solids content) of (A) to the weight of (B), i.e.,
(A)/(B) weight ratio, 7.0 is from 0.001 to 10,000, preferably from 0.1 to
1,000, thereby obtaining a mixture; and keeping the obtained mixture at a
temperature of from 0 to 200  C, preferably from 10 to 80  C) or sub
jecting the obtained mixture to (vacuum) distillation 15 so as to change
the ratio of the solvent in the mixture. Examples of solvents usable in the
above-mentioned modification of the photocatalyst include hydrophilic
solvents, such as dioxane, tetrahydrofuran, dimethy lacetamide, acetone,
methyl ethyl ketone, ethylene gly 20 col, butyl cellosolve, ethanol and
methanol; and hydro 



phobic solvents, such as toluene, xylene and hexane. The modified
photocatalyst sol of the present in vention can also be obtained by a
method comprising subjecting a photocatalyst powder to a modification 25
treatment with the above-mentioned modifier compound in   9 October, 2002
52 the presence of water and/or an organic solvent and, then, dispersing
the resultant product in water and/or an organic solvent. However, in this
method, it is ex tremely difficult to conduct the modification treatment 5
under conditions wherein the photocatalyst is in the form of primary
particles. Further, the volume mean particle diameter of the resultant
modified photocatalyst particles cannot be rendered small, so that the
ffinal sol becomes unstable. 10 In the present invention, it is preferred
that the photocatalyst to be modified with the modifier compound by the
above-mentioned method is a photocatalyst sol containing photocatalyst
particles which have a volume mean particle diameter of 200 nm or less,
more advanta 15 geously from 1 to 100 nm. For example, when titanium oxide
is used as a photocatalyst, a photocatalyst sol containing photocatalyst
particles which have such a small volume mean particle diameter can be
obtained by 7r a method in which titanium oxide hydrate is peptized in 20
the presence of hydrochloric acid, nitric acid, ammonia or the like, and
the resultant product is subjected to a hydrothermal treatment wherein the
time for hydrothermal treatment is appropriately controlled. The shorter
the time for the hydrothermal treatment, the 25 smaller the volume mean
particle diameter of the resul   9 October, 2002 53 tant particles of the
photocatalyst. In the present invention, it is preferred that during the
above-mentioned modification treatment of the photocatalyst, the occurrence
of aggregation of the 5 photocatalyst particles due to the modification is
small (more advantageously there is no occurrence of aggregation). Such a
modification treatment can be achieved by using, as the modifier compound,
the abovementioned silicon compound containing an Si-H group. 10 That is,
in the present invention, it is preferred that the modified photocatalyst
particles of the modif ied photocatalyst sol have moieties derived from the
modifier compound and have portions which are exclusive of the modifier
compound-derived moieties and which 15 have a volume mean particle diameter
of 200 nm or less. (Such a morphology of the modified photocatalyst parti
cles can be confirmed by observation of a sample pre ` pared from a
modified photocatalyst sol (which sol has .") been diluted so as to have a
modified photocatalyst 



20 content of 0.01 ~ by weight or less) by means of a transmission electron
microscope (TEM). Further, a modified photocatalyst sol which maintains
such a mor phology of the modified photocatalyst particles for a long
period of time i,s extremely preferred, because the 25 mechanical
characteristics and the like of a film ob   9 October, 20O2 54 tained from
such a sol are very stable (in this respect, for example, it is preferred
that, after the modified photocatalyst sol is allowed to stand at 30 C for
100 days, the volume mean particle diameter of the modified 5 photocatalyst
particles is maintained at 800 nm or less). As an example of the modifier
compound useful for preparing such a modified photocatalyst sol, there can
be mentioned the above-mentioned silicon compound con 10 taining an Si-H
group.   9 October, 20O2 55 In the present invention, the binding between
the photocatalyst and the modifier compound can be con ffirmed by the
following method. Fox example, when the above-mentioned modification
treatment is conducted us 5 ing the Si-H group-containing silicon compound
of for mula (4) above as the modifier compound, hydrogen gas is generated
from the mixture of the photocatalyst and the modifier compound, and an
increase in the volume mean particle diameter of the photocatalyst (which
is 10 caused by the binding of the modifier compound to the photocatalyst)
is observed. Further, in this case, when the titanium oxide is used as the
photocatalyst, an decrease in amount of the Ti-OH group, which occurs
during the above-mentioned modification treatment, is 15 observed in terms
of a decrease in absorbance at 3630 to 3640 cm 1 in the IR spectrum. Thus,
when the Si-H group-containing silicon com pound is used as the modifier
compound in the present invention, it can be easily confirmed that the
modified 20 photocatalyst sol of the present invention is not a simple
mixture of the photocatalyst and the Si-H group containing compound, but
comprises a reaction product of the photocatalyst and the modifier
compound, which are bonded to each other through an interaction, such 25 as
a chemical bonding. For this reason, the use of the   



9 October, 2O02 56 Si-H group-containing silicon compound as the modifier
compound is very advantageous. By virtue of the binding between the
photocatalyst and the Si-H groupcontaining silicon compound, the modified
photocatalyst 5 sol exhibits excellent dispersion stability, chemical
stability and durability. As an example of the Si-H group-containing
silicon compound of formula (4) above, there can be mentioned an Si-H
group-containing silicon compound having an av 10 erage structural
composition represented by the follow ing formula (5):
(RlHSiO)a(R12Si0)b(RlQSiO)~(R13Si01~2)d (5) 15 wherein: R1 is as defined
for formula (1) and Q is as defined for formula (4), a represents an
integer of 1 or more, each of b and c independently represents an 20
integer of 0 or more, d is 0 or 2) wherein a, b and c satisfy the following
relationship: (a + b + c) s 10,000, and 25 wherein when (a + b + c) ~ 2 and
d is 0,   9 October, 2O02 57 the compound of formula (5) is a cyclic
silicone compound, and when d is 2, the compound of formula (5) is a
straight chain silicone compound. 5 As another example of the Si-H
group-containing silicone compound of formula (4), there can be men tinned
a compound comprising: recurring units, each independently represented by
formula (4') below; and 10 recurring units, each having a terminal group A,
and each independently represented by formula (4" ) below, wherein each
terminal group A is bonded to the silicon atom of the recurring unit
through an oxygen atom. 15 (4') R3 ~i O Si zo R3 wherein: (4..) A each R3
independently represents a hy25 drogen atom; a hydrocarbon group selected
from 



9 October, 2002 58 the group consisting of a straight chain or branched
C1-C3o alkyl group, a C5-CZp cycloalkyl group, a C6-C2o aryl group which is
unsubstituted or substituted with a C1-C2o alkyl 5 group, a C1-C2o alkoxy
group or a halogen atom; or a group having at least one functionimparting
group selected from the group con sisting of: 1) at least one hydrophobic
group selected 10 from the group consisting of a straight chain or branched
C1-C3o alkyl group, a C5-C2o cycloalkyl group and a C6-CZO aryl group which
is unsubstituted or substituted with at least one substituent selected from
the group consisting 15 of a C1-C2o alkyl group, a C1-C2o alkoxy group and
a halogen atom, and a C1-C3o fluoroalkyl group; 2) at least one hydrophilic
group selected from the group consisting of a carboxyl group 20 and a salt
thereof, a phosphate group and a salt thereof, a sulfonic acid group and a
salt thereof, and a polyoxyalkylene group; 3) at least one reactive group
selected from the group consisting of an epoxy group, an ac 25 ryloyl
group, a methacryloyl group, an acid   9 Octobgr, 2002 59 anhydride group,
a keto group, carboxyl group, a hydrazine group, an isocyanate group, an
isothiocyanate group, a hydroxyl group, an amino group, a cyclic carbonate
group and an 5 ester group; and 4) at least one sensitizing group, and each
A independently represents a group selected from the group consisting of
-SiR4R5R6 (each of R4, R5 and R6 independently represents 10 a hydrogen
atom or a hydrocarbon group selected from the group consisting of a
straight chain or branched C1-Coo alkyl group, a C5-CZo cycloalkyl group, a
C6-C2o aryl group which is unsubstituted or substituted with a C1-C2o a1 15
kyl group, a C1-C2o alkoxy group or a halogen atom), a hydrogen atom, a
straight chain or branched C1-C3o alkyl group, a C5-C2o cycloalkyl group,
and a C6-C2o aryl group which is unsubstituted or substituted with a C1-C2o
alkyl 20 group, a C1-C2o alkoxy group or a halogen atom, with the proviso
that the compound com prising the recurring units of formula (4') above and
recurring units of formula (4 ") above has at least one Si-H group. 25   9
October, 2002 



60 The above-mentioned compound comprising the recur ring units of formula
(4') above and terminal group Acontaining recurring units of formula (4" )
above, wherein each terminal group A is bonded to the silicon 5 atom of the
recurring unit through an oxygen atom) can be obtained by, for example, the
following method. In a solvent (such as dioxane), trichlorosilane and/or
organotrichlorosilane (and, optionally, diorganodichlorosilane) and water
are reacted with each other to effect 10 a hydrolysis polycondensation.
Then, the resultant re action mixture is further reacted with an alcohol
and/or a silylating agent represented by formula (13): Z-SiR4R5R6 (13) 15
wherein each of R4, R5 and R6 independently represents a hydrogen atom, a
straight chain or branched C1-C3o alkyl group, a C5-C2o cyclo alkyl group,
or a C6-C2o aryl group which is 20 unsubstituted or substituted with a
C1-Czo al kyl group, a C1-C2p alkoxy group or a halogen atom; and Z
represents a halogen atom or a hy droxyl group, to thereby obtain a
compound comprising the recurring 25 units of formula (4') above and the
recurring units of   9 October, 2002 formula ( 4 " ) above . 61 If desired,
a function-imparting group can be in troduced into the obtained compound by
the blow described hydrosilylation reaction. 5 In the Si-H group-containing
silicon compound of formula (4) above, the Si-H group is a functional group
which is necessary to modify the photocatalyst with high selectivity under
moderate conditions. On the other hand, hydrolyzable group X in formula (4)
also 10 can be utilized to modify the photocatalyst, but tends to cause
side reactions to thereby lower the stability of the resultant modified
photocatalyst sol. Therefore, it is preferred that the amount of
hydrolyzable group X is as small as possible. It is preferred that the Si-H
15 group-containing silicon compound of formula (4) contains substantially
no hydrolyzable group X. Further, the Si-H group-containing silicon com -
pound of formula (4) above, which has a function imparting group (Q), can
be advantageously used for im20 parting various functions to the modified
photocatalyst 



sol of the present invention. It is preferred that the function-imparting
group (Q) is a group represented by the following formula: 25 -Y-(Z)W   9
Octob,~r, 2002 62 wherein: Y represents a W-valent organic group hav ing a
molecular weight of from 14 to 50,000, 5 Z represents at least one group
selected from the group consisting of the abovementioned function-imparting
groups 1) to 4), and W is an integer of from 1 to 20. 10 For example, when
the Si-H group-containing sili con compound of formula (4) above has, as
the function imparting group (Q), at least one hydrophilic group 2)
deffined in formula (4) above which is selected from the 15 group
consisting of a carboxyl group and a salt thereof, a phosphate group and a
salt thereof, a sulfonic acid group and a salt thereof, and a
polyoxyalkylene group, the photocatalyst can be very stably dispersed in
water, and, hence, such an Si-H group-containing silicon com 20 pound can
be advantageously used for easily obtaining a modified photocatalyst sol
(hydrosol) of the present invention, in which the volume mean particle
diameter of the modified photocatalyst particles is 800 nm or less. 25
Preferred examples of the above-mentioned hydro   9 October, 2002 63 philic
group include a polyoxyethylene group represented by formula (7) above; a
sulfonic acid group or a salt thereof, which is represented by formula (8)
above; and a carboxyl group or a salt thereof, which is 5 represented by
formula (9) above. Further, when the Si-H group-containing silicon compound
of formula (4) above has, as the function imparting group (Q), a C1-C3o
fluoroalkyl group (hydrophobic group) (i.e., the Si-H group-containing
silicon 10 compound which has a monooxydiorganosilane unit repre sented by
formula (1) and/or a dioxyorganosilane unit represented by formula (2), and
a difluoromethylene unit represented by formula (3)), the surface energy of
the photocatalyst becomes very small, and, hence, such 15 an Si-H
group-containing silicon compound can be advan tageously used for obtaining
a modified photocatalyst sol which not only has the below-described self
stratifying or self-gradating property (which is the 



ability to distribute anisotropically the modified pho 20 tocatalyst), but
also can be used for forming a coating having a very high water repellency.
When the Si-H group-containing silicon compound of formula (4) above has,
as the function-imparting group (Q), at least one reactive group 3)
deffined in formula 25 (4) above which is selected from the group
consisting   9 October, 2002 6A of an epoxy group, an acryloyl group, a
methacryloyl group, an acid anhydride group, a keto group, a carboxyl
group, a hydrazine group, an isocyanate group, an isothiacyanate group, a
hydroxyl. group, an amino group, a cyclic carbonate group and an ester
group, the modi fied photoCatalyst exhibits cross-linking ability, so that
the sol containing such a modified photocatalyst can be advantageously used
for forming a coating having an excellent durability) 10 It is especially
preferred that the above mentioned reactive group is a group which has a
monovalent group containing the hydrazine group represented by formula (6)
above and/or a monovalent group containing a keto group. The reason for
this is that, when 15 such a reactive group is used, the modified photocata
lyst sol of the present invention exhibits not only ex cellent curability
even at low temperatures but also ` excellent storage stability, and is
capable of forming a hydrazone {semicarbazone) cross-linkage which is ad 20
vantageous for obtaining a coating having various ex cellent properties,
such as water resistance, staining resistance and hardness. When the Si-H
group-containing silicon compound of formula {4) above has, as the
function-imparting group 25 {Q), at least one sensitizing group 4) deffined
in for   9 October, 2002 65 mula (4) above) the modified photocatalyst of
the modified photocatalyst sol of the present invention can be excited to
exert a catalytic activity or an optoelectronic conversion activity through
not only the ir 5 radiation of the ultraviolet rays but also the irradia
tion of the visible rays and/or the infrared rays. As the
function-imparting group (Q), at least one of the groups exemplified above
can be used. Particu larly, when a hydrosol of a photocatalyst is used for
10 producing the modified photocatalyst, and the hydro philic group 2)
defined in formula (4) above and any of the other function-imparting groups
2), 3) and 4) deffined in formula (4) above are used in combination, the
resultant modified photocatalyst sol having function 15 imparting groups
becomes advantageously stable. As examples of the method for producing the
Si-H group-containing silicon compound of formula (4) above, which has a
function-imparting group (Q) (i.e., a sili 



con compound having an average structural composition 20 represented by
formula (4a) below), there can be men tinned: (a) a method in which an Si-H
group-containing silicon compound having an average structural composi Lion
represented by formula (14) below and a carbon-to 25 carbon unsaturated
bond-containing compound are sub   9 October, 20O2 66 ~ected to
hydrosilylation reaction, wherein the carbon -carbon unsaturated
bond-containing compound has at least one function-imparting group selected
from the group consisting of groups 1) to 4) defined in formula 5 (4); and
(b) a method in which an Si-H group-containing compound having an average
structural composition rep resented by formula (14) below and a
carbon-carbon unsaturated bond-containing compound are subjected to a 10
hydrosilylation reaction, wherein the carbon-carbon unsaturated
bond-containing compound has a reactive group 3) defined in formula (4), to
thereby obtain an Si-H group-containing compound having a reactive group,
and, then, the reactive group of the Si-H group-containing 15 compound is
reacted with a function-imparting compound having a reactive group, the
formula (4a) being: HpRqQrXSS 10~4_p_q_r_5~~2 (4 a) 20 wherein: each of R,
Q and X is as defined f or formula (4) above, and p, q, r and s satisfy the
following re 25 lationships:   9 October, 20O2 67 0 < p < 4, 0 < q < 4, 0 <
r < 4, 0 s s < 2 , and 5 (p + q + r + s) < 4, and the formula (I4) being:
Hip+r~RqXs510~4_p_q_r_5~/2 (14) 10 wherein: each of R and X is as defined
for formula (4) above, and p, q, r and s satisfy the following
relationships: 15 0 < p < 4, 0 < q < 4, 0 < r < 4, 0 s s < 2 , and 



(p + q + r + s) < 4. 20 First, an explanation is made below with respect to
the above-mentioned method (a) for producing an Si-H group-containing
silicon compound having a functionimparting group. 25 With respect to the
carbon-carbon unsaturated   9 October) 20O2 sa bond-containing compound
which can be used, in method (a) above, for introducing into the Si-H group
containing compound of formula (14) a function-imparting group which is a
hydrophobic group selected from the group 5 consisting of a straight chain
or branched C1-C3o alkyl group, a CS-C2o cycloalkyl group, or a C6-C2o aryl
group which is unsubstituted or substituted with a C1-Czo al kyl group, a
C1-C2o alkoxy group or a halogen atom, examples of such carbon-carbon
unsaturated bond 10 containing compound include olefins, such as propylene,
1-butene, 1-hexene, 1-octene, isobutene, 2-methyl-1butene, 2-hexene,
cyclohexene and 5-norbornene; allyl esters, such as allyl acetate, allyl
propionate, allyl 2-ethylhexanoate and allyl benzoate; allyl ethers, such
15 as allyl methyl ether, allyl ethyl ether, allyl n-hexyl ether, allyl
cyclohexyl ether, allyl 2-ethylhexyl ether and allyl phenyl ether;
(meth)acrylic esters, such as methyl (meth)acrylate, ethyl (meth)acrylate,
butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl 20
(meth)acrylate and phenyl (meth)acrylate; carboxylic acid vinyl esters,
such as vinyl acetate, vinyl propi onate, vinyl lactate, vinyl stearate and
vinyl benzo ate; vinyl ethers, such as methyl vinyl ether, ethyl vinyl
ether, butyl vinyl ether, isobutyl vinyl ether 25 and cyclohexyl vinyl
ether; styrene;   9 October, 2002 70 ether, a vinyl ester, a (meth)acrylic
ester, a styrene derivative, each independently having at least one
hydrophilic group selected from the group consisting of a carboxyl group
and a salt thereof, a phosphate group 5 and a salt thereof, a sulfonic acid
group and a salt thereof, a polyoxyalkylene group and a cyclic acid an
hydride. Pref erred examples of carbon-carbon unsaturated bond-containing
compounds having the above-mentioned I0 hydrophilic group include an allyl
ether containing a polyoxyethylene group, which is represented by the fol
lowing formula (16): CH2=CHCH20(CH2CH20)mR~ (16) 15 wherein m represents an
integer of from 1 to 



1000 and R7 represents a hydrogen atom or a ., straight chain or branched
C1-Cg0 alkyl group; 20 an allyl ether containing a sulfonic acid group or a
salt thereof, which is represented by the following formula (17):
CH20CH2CH=CH2 2 a ~ ~ 17 R OCH2CH0(CH2CH20)nS03B ( )   9 October, 2002 69
(meth)acrylonitrile; and crotonic esters. Among these, from the viewpoint
of reactivity, the olefins having an olef inic linkage at the terminal
thereof, 5-norbornene, allyl esters and allyl ethers are preferred. 5 With
respect to the carbon-carbon unsaturated bond-containing compound which can
be used for intro ducing into the Si-H bond-containing compound of for
rnula ( 14 ) a C~-C3o fluoroalkyl group as a functionimparting group,
examples of such carbon-carbon unsatu 10 rated bond-containing compounds
include an olefin, an allyl ether) an allyl ester, a vinyl ether and a
(meth)acrylic ester, each independently having a perfluoroalkyl group
represented by the following formula (15). 15 -(CFz)gCFg (15) - wherein g
is an integer of from 0 to 29. 20 With respect to the carbon-carbon
unsaturated bond-containing compound which can be used for intro ducing a
hydrophilic group into the Si-H group containing compound represented by
formula (14), exam pies of such carbon-carbon unsaturated bond-containing
25 compounds include an olefin, an allyl ether, a vinyl   9 October, 2002
71 wherein n represents an integer of from 1 to 100; Re represents a
straight chain or 5 branched C1-C30 alkyl group; and B repre sents a
hydrogen atom, an alkali metal atom or an unsubstituted or substituted
ammonium ion represented by the following formula: 10 HNR9R1R11 wherein
each of R9 , Rl and R11 independently represents a hydrogen atom or a
straight chain or branched C1-C20 alkyl group unsub 15 stituted or
substituted with a hydroxyl group; and 5-norbornene-2,3-dicarboxylic
anhydride. 



- Examples of carbon-carbon unsaturated bond ,, containing compounds used
for introducing a reactive 20 group into the above-mentioned silicon
compound con taining an Si-H group represented by formula (14) in elude
olefins, allyl ethers, allyl esters, vinyl ethers, vinyl esters,
(meth)acrylic esters and styrene derivatives, each of which has at least
one reactive group 25 selected from the group consisting of an epoxy group,
a   9 October. 2002 72 (meth)acryloyl group, an acid anhydride group, a
keto group, a carboxyl group, a hydrazine group, an isocyanate group, an
isothiocyanate group, a hydroxyl group, an amino group, a cyclic carbonate
group and an ester 5 group. Preferred specific examples of carbon-carbon un
saturated bond-containing compounds having the above mentioned reactive
group include allyl glycidyl ether, glycidyl (meth)acrylate, allyl
(meth)acrylate, diallyl 10 ether, diallyl phthalate, vinyl (meth)acrylate,
vinyl crotonate, ethylene glycol di(meth)acrylate, malefic anhydride)
5-norbornene-2,3-dicarboxylic anhydride, 5hexen-2-one, allyl isocyanate,
allyl alcohol, ethylene glycol monoallyl ether, allylamine, allyl
isothiocya 15 nate, allylsemicarbazide, (meth)acrylonohydrazide, and
4-allyloxymethyl-2-oxo-1,3-dioxolane. Examples of carbon-carbon unsaturated
bond - containing compounds used for introducing a sensitizing group into
the above-mentioned silicon compound con 20 taining an Si-H group
represented by formula (14) in elude olefins, allyl ethers, allyl esters,
vinyl ethers, vinyl esters, (meth)acrylic esters and styrene derivatives,
each of which has the above-mentioned sensitizing group. Such a compound
can be easily obtained by 25 reacting a carbon-carbon unsaturated
bond-containing   9 October, 20O2 73 compound having the above-mentioned
reactive group with a sensitizing dye which is reactive with the
abovementioned reactive group. For example, when the reactive group of the
car 5 bon-carbon unsaturated bond-containing compound is se lected from the
group consisting of an epoxy group, a (cyclic) acid anhydride group, an
isocyanate group, an isothiocyanate group, a cyclic carbonate group, an
ester group, a keto group and a (meth)acryloyl group, a 10 sensitizing dye
is used which has at least one func tional group selected from the group
consisting of an amino group, a carboxyl group, a hydroxyl group, a hy
drazine group and a (meth)acryloyl group. On the other hand, when the
reactive group of the 15 carbon-carbon unsaturated bond-containing compound
is 



selected from the group consisting of an amino group, a carboxyl group, a
hydroxyl group, a hydrazine group and a (meth)acryloyl group, a sensitizing
dye is used which has at least one functional group selected from the 20
group consisting of an epoxy group, a (cyclic) acid an hydride group, an
isocyanate group, an isothiocyanate group, a cyclic carbonate group, an
ester group, a keto group and a (meth)acryloyl group. The reaction of the
carbon-carbon unsaturated 25 bond-containing compound having the
above-mentioned re   9 October, 2002 74 active group with a sensitizing dye
which is reactive with the above-mentioned reactive group is effected under
conditions wherein the reaction temperature, reaction pressure, reaction
solvent and the like are appro 5 priately selected, depending on the type
of the reac tive group in the carbon-carbon unsaturated bondcontaining
compound and the type of the functional group in the sensitizing dye.
Further, from the viewpoint of the stability of the sensitizing dye, it is
10 preferred that the reaction is effected at a tempera ture of 300 C or
less, more advantageously from 0 to 150  C. In method (a), the
hydrosilylation reaction be tween the above-mentioned carbon-carbon
unsaturated 15 bond-containing compound and the above-mentioned sili con
compound containing an Si-H group (which compound has an average structural
composition represented by - formula (14)) can be effected by contacting
the carbon carbon unsaturated bond-containing compound with the 20 silicon
compound containing an Si-H group at a tempera ture of from 0 to 200 C, in
the absence or presence of an organic solvent and preferably in the
presence of a catalyst. As catalysts for the hydrosilylation reaction, 25
platinum group metal-containing catalysts, i.e., com   9 October, 2002 75
pounds of ruthenium, rhodium, palladium, osmium, iridium or platinum are
suitable. Of these, platinum compounds and palladium compounds are
preferred. Examples of such platinum compounds include platinum (II) chlo 5
ride, hydrogen tetrachloroplatinate (II), platinum (IV) chloride, hydrogen
hexachloroplatinate (IV), ammonium hexachloroplatinate (IV), potassium
hexachloroplatinate ( IV ) ( platinum ( II ) hydroxide , platinum (IV)
dioxide, dichloro(di cyclopentadienyl) platinum.(a),
aplatinum-vinylsiloxane complex, 10 a platinum-phosphine complex, a
platinum-olefin complex 



and metallic platinum, wherein metallic platinum is used either without a
carrier or in such a form as car ried on a carrier, such as alumina,
silica, activated carbon or the like. Examples of palladium compounds 15
used as catalysts for the hydrosilylation reaction in elude palladium (II)
chloride and palladium (II) oxide. Examples of organic solvents usable for
the hydro silylation reaction include aromatic hydrocarbons, such as
toluene and xylene; aliphatic hydrocarbons, such as 20 hexane, cyclohexane
and heptane; esters, such as ethyl acetate and n-butyl acetate; ketones,
such as acetone, methyl ethyl ketone and methyl isobutyl ketone; ethers,
such as tetrahydrofuran and dioxane; amides, such as dimethylacetamide and
dimethylformamide;-halogen com25 pounds, such as chloroform, methylene
chloride and car   9 October, 2002 76 bon tetrachloride; dimethyl sulfoxide
and nitrobenzene. These solvents can be used individually or in combina
Lion. Next, an explanation is made below with respect to 5 method (b)
mentioned above as one of the methods for obtaining a silicon compound
containing an Si-H group which compound has a function-imparting group. As
examples of carbon-carbon unsaturated bond containing compounds having a
reactive group, which are 10 used in method (b), there can be mentioned the
same compounds as described above in connection with method (a). In method
(b), the hydrosilylation reaction be tween the above-mentioned
carbon-carbon unsaturated bond-containing compound containing a reactive
group 15 and the above-mentioned silicon compound containing an Si-H group
(which compound has an average structural composition represented by
formula (14)) can be eff ect ed under the same conditions as those for the
hydrosi lylation reaction in method (a). 20 According to method (b), by
effecting the above mentioned hydrosilylation reaction, there can be ob
tained a silicon compound containing an Si-H group and a reactive group
wherein the silicon compound has an average structural composition
represented by the fol 



25 lowing formula (18):   9 October, 2002 77 HpRqQ3rXSSi~~4_P_g_r_S?~2 ( 18
) wherein: 5 each of R and X is as defined for formula (4), each Q3
independently represents a monovalent group having at least one reactive
group selected from the group consisting of 10 an epoxy group, an acryloyl
group, a methacryloyl group, an acid anhydride group, a keto group, a
hydrazine group) an isocyapate group, an isothiocyanate group, a hydroxyl
group, an amino group, a cyclic car 15 bonate group and an ester group, and
p, q, r and s satisfy the following relationships: - 0 < p < 4, 0 < q < 4,
20 0 s r < 4, 0 s s < 2 , and (p + q + r + s) < 4. Further, in method (b),
with respect to the function-imparting group-containing compound to be
reacted 25 with the silicon compound containing an Si-H group and   9
October, 20O2 78 a reactive group (which compound has an average struc
tural composition represented by formula (18)), for example, when the
reactive group of the silicon compound containing an Si-H group and a
reactive group is se 5 lected from the group consisting of an epoxy group,
an acid anhydride group, an isocyanate group, an isothiocyanate group, a
cyclic carbonate group, an ester group, a keto group and a (meth)acryloyl
group, a functionimparting group-containing compound is used which has 10
at least one functional group selected from the group consisting of an
amino group, a carboxyl group, a hydroxyl group, a hydrazine group and a
(meth)acryloyl group. On the other hand, when the reactive group of the
silicon compound containing an Si-H group and a re 15 active group is
selected from the group consisting of an amino group, a carboxyl group, a
hydroxyl group, a hydrazine group and a (meth)acryloyl group, a function
imparting group-containing compound is used which has at least one
functional group selected from the group 20 consisting of an epoxy group,
an acid anhydride group, an isocyanate group, an isothiocyanate group, a
cyclic carbonate group, an ester group, a keto group and a (meth)acry-loyl
group. The above-mentioned function imparting group is the same as
function-imparting group 25 Q in formula (4) above (representing an average
struc   



9 October, 2002 79 tural composition). The reaction of the silicon compound
containing an Si-H group and a reactive group (which compound has an
average structural composition represented by formula 5 (18)) with a
function-imparting group-containing com pound which is reactive with the
silicon compound is effected under conditions wherein the reaction
temperature, reaction pressure, reaction solvent and the like are
appropriately selected, depending on the type of 10 the reactive group in
the silicon compound and the type of the functional group in the
function-imparting group-containing compound. Further, from the viewpoint
of the stability of the Si-H group, it is preferred that the reaction is
effected at a temperature of 15 300 C or less, more advantageously from 0
to 150 C. In the present invention, as examples of methods for obtaining
the modified photocatalyst sol containing photocatalyst particles modified
with a modifier com pound having the above-mentioned function-imparting 20
group, there can be mentioned: (I) a method in which a photocatalyst sol is
subjected to a modification treatment with the silicon compound containing
an Si-H group and a function-imparting group (which compound has an average
structural composition 25 represented by formula (4a) above) in the above
9 October, 20O2 80 mentioned manner; and (II) a method in which a
photocatalyst sol is subjected to a modification treatment with the silicon
compound containing an Si-H group and a reactive group 5 (which compound
has an average structural composition represented by formula (18) above),
and the resultant modification product is subjected to a reaction with the
above-mentioned function-imparting group-containing compound which is
reactive with the reactive group. 10 In method (II) above, the reaction of
the modifi cation product (photocatalyst sol modified with the silicon
compound containing an Si-H group and a reactive group) with the
function-imparting groupcontaining compound which is reactive with the
reactive 15 group can be effected under the same conditions as tho se for
the reaction of the silicon compound containing an Si-H group and a
reactive group with a function - imparting group-containing compound which
is reactive with the reactive group of the silicon compound wherein 20 the
reaction is conducted in method (b). It is preferred that the modification
treatment of the particles of a photocatalyst with a silicon com pound
containing an Si-H group (which compound has an average structural
composition represented by formula 



25 (4) above) is conducted at a temperature of from 0 to   9 October) 2002
81 100 C under conditions wherein a compound which functions as a
dehydrogenation-condensation catalyst for an Si-H group is immobilized on
the surface of the particles of the photocatalyst. 5 In the case of the use
of the above-mentioned com pound {catalyst compound) which functions as a
dehydrogenation-condensation catalyst for an Si-H group, the modification
treatment of the particles of a photocatalyst with a silicon compound
containing an Si-H group 10 may be conducted either by a method in which
the cata lyst compound is previously immobilized on the surf ace of the
photocatalyst particles by using photoreduction method or the like, or by a
method in which the modification treatment is conducted in the presence of
the 15 catalyst compound which is not previously immobilized on the surface
of the photocatalyst particles. In the latter, during the modification
reaction, the catalyst - compound is immobilized on the surface of the
photo catalyst particles by physical adsorption, photoreduc 20 tion or the
like and, then, the photocatalyst particles are modified with the silicon
compound containing an Si-H group. The term "compound which functions as a
dehydroge nation-condensation catalyst for an Si-H group" means a 25
compound which accelerates the dehydrogenation   9 Octobgr, 2002 sa
condensation reaction of an Si-H group with an active hydrogen-containing
group which is present on the surface of the particles of the photocatalyst
or with water or the like, wherein examples of active hydrogen 5 containing
groups include a hydroxyl group (a Ti-OH group when the photocatalyst is
titanium oxide), a thiol group, an amino group and a carboxyl group. When
the compound which functions as a dehydrogenationcondensation catalyst for
an Si-H group is immobilized 10 on the surface of the particles of the
photocatalyst, the modification of the particles of the photocatalyst
selectively occurs under moderate conditions. Examples of compounds which
function as dehydroge nation-condensation catalysts for an Si-H group
include 3.5 metals belonging to the platinum group (i.e., ruthenium,
rhodium, palladium) osmium, iridium and platinum) and compounds thereof,
and metals and compounds of silver, - iron, copper, cobalt, nickel, tin and
the like. Of these, preferred are metals of the platinum group and 20
compounds thereof, especially metallic platinum and platinum compounds.  



9 October, 2002 83 Hereinbelow, an explanation is made with respect to the
method for immobilizing a dehydrogenation con densation catalyst on the
photocatalyst, taking as an example the case where platinum is immobilized
on the 5 photocatalyst in a sol thereof by photoreduction method. First, a
platinum solution is added to a photo catalyst sol in an amount of 0.001 to
5 ~ by weight, in terms of a solids content of the platinum solution, to
obtain a mixture. With respect to the platinum solu 10 Lion, it is
preferred that the pH of the platinum solu tion is adjusted to
approximately the same as that of the photocatalyst sol so that the change
in zeta potential of the photocatalyst sol can be suppressed as much as
possible, so as to maintain a monodispersion of the 15 photocatalyst sol.
The above-described platinum solution means a so lution comprising a
platinum compound and a solvent. Examples of platinum compounds include
platinum (II) chloride, hydrogen tetrachloroplatinate (II), platinum 20
(IV) chloride, hydrogen hexachloroplatinate (IV), ammo nium
hexachloroplatinate (IV), potassium hexachloroplatinate (IV), platinum (II)
hydroxide, platinum (IV) dioxide, dichloro(dicyclopentadienyl) platinum
(II), a platinum-vinylsiloxane complex, a platinum-phosphine 25 complex,
and a platinum-olefin complex. Examples of   9 October, 20O2 84 solvents
include water, ethanol, propanol, isopropanol, dioxane, tetrahydrofuran and
toluene. With respect to the concentration of the platinum compound in the
platinum solution, it is preferred that the concentra5 tion is from 0.001
to 80 ~ by weight. Then, the mixture of the photocatalyst sol and the
platinum solution is irradiated with a light having a wavelength such that
an electron and a hole are, re spectively, generated in the conduction band
and the 10 valence band of the photocatalyst, while stirring. It is
preferred that the light contains the ultraviolet rays. Examples of light
sources include an ultraviolet lamp, a BLB lamp, a xenon lamp, a mercury
lamp and a fluorescent lamp. 15 There is no particular limitation with
respect to the method for the light irradiation. However, even when the
above-mentioned mixture is placed in a trans- parent container, the light
is caused to be absorbed in the walls of the container. Therefore, it is
preferred 20 to irradiate the light through an opening of the con tainer. 



It is preferred that the distance between the light source and the
container is in the range of from several to several tens of centimeters.
When the dis 25 tance is too small, there is a danger that the surf ace   9
October, 2002 85 of the above-described mixture is dried by the heat
emitted from the light source. On the other hand, when the distance is too
large, the illumination intensity becomes disadvantageously low. The
irradiation time 5 varies depending on the illumination intensity of the
light source. Generally, when the irradiation is per formed for several
seconds to several tens of minutes, platinum is ffirmly immobilized on the
photocatalyst particles. 10 In the modified photocatalyst sol of the
present invention, the modified photocatalyst is dispersed in water and/or
an organic solvent, with high stability. In the modified photocatalyst sol
of the present invention, the modified photocatalyst particles have a 15
volume mean particle diameter of 800 nm or less. The volume mean particle
diameter herein is not measured with respect to the modified photocatalyst
particles isolated from the modified photocatalyst sol) but is measured
with respect to the modified photocatalyst 20 particles dispersed in the
modified photocatalyst sol. When the modified photocatalyst particles have
a volume mean particle diameter of more than 800 nm, the dispersion
stability of the modified photocatalyst sol becomes poor. In addition, not
only the-modified pho 25 tocatalyst sol Qer se but also even a modified
photo   9 October, 2002 86 catalyst composition comprising the modified
photocata lyst sol and a resin cannot be used as a coating compo sition. In
the present invention, for achieving a further 5 improvement in the
dispersion stability of the modified photocatalyst sol and an efficient
exertion of various functions, such as the film-forming ability, of the
modified catalyst sol, it is preferred that the modifled photocatalyst
particles have a volume mean parti 10 cle diameter of 400 nm or less, more
advantageously 200 



nm or less, still more advantageously from 1 to 100 nm, and especially
advantageously from 5 to 80 nm. As described above, in the present
invention, the volume mean particle diameter is measured with respect 15 to
the modified photocatalyst particles (which may con tain the secondary
particles) dispersed in the modified photocatalyst sol. On the other hand,
conventionally, - in many cases, the value referred to simply as a "par
ticle diameter" with respect to titanium dioxide and 20 the like is not a
particle diameter measured with re spect to the secondary particles formed
by coagulation of the primary particles, but is a particle diameter
measured only with respect to the primary particles. The modified
photocatalyst sol of the present in 25 vention is a sol comprising the
above-described modi   9 October, 20O2 87 f ied photocatalyst particles
dispersed in a liquid me dium. In the modified photocatalyst sol of the
present invention, the content of the modified photocatalyst particles is
preferably 0.01 to 70 ~ by weight, more 5 preferably 0.1 to 50 ~ by weight,
based on the weight of the modified photocatalyst sol. With respect to the
type of the liquid medium, there is particular no limitation, and water
and/or an organic solvent may be used. Examples of organic sol 10 vents
include a hydrophilic organic solvent, such as dioxane, tetrahydrofuran,
dimethylacetamide, acetone, methyl ethyl ketone, ethylene glycol,
butylcellosolve, ethanol and methanol; and a hydrophobic organic solvent,
such as toluene, xylene and hexane. 15 When a photocatalyst hydrosol (that
is, a sol in which the photocatalyst particles are peptized in a dispersion
medium consisting essentially of water (herein the term dispersion medium
consisting essen tially of water" means a dispersion medium containing 20
about 80 ~ or more of water)) is used for obtaining the modified
photocatalyst, an aqueous sol of the modified photocatalyst can be
obtained. From the thus obtained aqueous sol of the modified photocatalyst,
it is possible to obtain a modified photocatalyst organosol 25 (that is, a
sol in which the modified photocatalyst   9 October, 2002 



88 particles are stably dispersed in a dispersion medium comprised
essentially of an organic solvent (herein the term "dispersion medium
consisting essentially of an organic solvent" means a dispersion medium
containing 5 about 80 ~ or more of the organic solvent)) by substi tuting
the dispersion medium of the aqueous sol with an organic solvent. Examples
of method for substituting the dispersion medium of the aqueous sol of the
modified photocatalyst 10 with an organic solvent include: (i) a method in
which an organic solvent is added to the aqueous sol of the modified
photocatalyst and, then, water is removed by heating under reduced or at
mospheric pressure, Z5 (ii) a method in which water in the aqueous sol of
the modified photocatalyst is removed by heating under reduced or
atmospheric pressure, followed by addition - of an organic solvent, and
(iii) a method in which the modified photocatalyst 20 particles in the
aqueous sol of the modified photocata lyst sol are extracted with an
organic solvent. Examples of organic solvents used for substituting water
contained in the aqueous sol include aromatic hy drocarbons, such as
toluene and xylene; alcohols, such 25 as ethanol and n-butanol; polyhydric
alcohols, such as   9 October, 20O2 89 ethylene glycol and propylene
glycol; glycol derivatives, such as butylcellosolve, ethylcellosolve,
butylcellosolve acetate, propylene glycol monoethyl ether and propylene
glycol monopropyl ether; aliphatic hydro 5 carbons, such as hexane,
cyclohexane and heptane; es ters, such as ethyl acetate and n-butyl
acetate; ketones, such as acetone, methyl ethyl ketone and methyl isobutyl
ketone; ethers, such as tetrahydrofuran and dioxane; amides, such as
dimethylacetamide and dimeth 10 ylformamide; amines, such as- dibutylamine
and trietha nolamine; halides, such as chloroform, methylene chlo ride and
carbon tetrachloride; dimethyl sulphoxide; ni trobenzene; acids; bases; and
a mixture of at least two of the above-described organic solvents. Among
these, 15 when method (i) above is used for the solvent substitu tion,
preferred are hydrophilic organic solvents, such as butylcellosolve,
propylene glycol monoethyl ether, dioxane, tetrahydrofuran,
dimethylacetamide, methyl ethyl ketone, ethylene glycol and ethanol, and
when 20 method (iii) above is employed for the solvent substi 



tution, preferred are hydrophobic organic solvents, such as toluene,
xylene, hexane and ethyl acetate. The modified photocatalyst sol of the
present in vention as such may be used as a modified photocata 25
lyst-containing coating composition. Alternatively, it   9 October, 20O2 90
may be used in the below-described photocatalyst compo sition comprising
the modified photocatalyst sol and at least one functional substance. In
the phot:ocatalyst composition of the present 5 invention, it is preferred
that the ratio of the weight (C) of the above-described modified
photocatalyst sol to the weight (1J) of the functional substance (each of
the weights (C) and (D) is in terms of the weight of solids), i.e., (C)/(D)
weight ratio, is in the range of 10 from 0.0001 to 100, more advantageously
from 0.001 to 10. Hereinbelow, an explanation is made with respect to the
photocatalyst composition comprising the modi fled photocatalyst sol and
the functional substance, 15 taking as an example the use of a resin as the
func tional substance. With respects to the resin used as the functional
substance in the photocatalyst composition of the pre sent invention) any
synthetic resin and any natural 20 resin may be u:~ed. There is no
particular limitation with respect to the form of the resin, and the resin
may be in the form of pellets or in the form of a solution or dispersion
thereof in a solvent. It is most preferred that the resin is in the form of
a coating 25 resin composition.   9 October, 2O02 91 With respect to the
coating resin composition, there is no particular limitation, and any
conventional coating resin composition may be used as the functional
substance. Examples of coating resin compositions in 5 elude an oil paint,
a lacquer, a solvent type synthetic resin paint (containing a synthetic
resin, such as an acrylic resin, an epoxy resin, an urethane resin, a f
luoro resin, a silicone-acrylic resin, an alkyd resin, an aminoalkyd resin,
a vinyl resin, an unsaturated 10 polyester resin and a chlorinated rubber),
an aqueous synthetic resin paint (such as an emulsion type paint and an
aqueous resin type paint), a non-solvent type synthetic resin paint (such
as a powder paint), an inorganic paint, and an electrical insulating paint.
15 Among these coating resin compositions, preferred 



are compositions containing a silicone resin, a fluoro resin and a
combination thereof, each of which is un - likely to be decomposed by the
action of the photocata lyst. 20 Examples of silicone resins include
alkoxysilanes, organoalkoxysilanes, hydrolysis reaction products thereof
(polysiloxanes), and mixtures thereof with colloidal silica; resins, such
as an acrylic-silicone resin, an epoxy-silicone resin or a
urethane-silicone 25 resin, wherein the resin contains 1 to 80 ~ by weight
9 October, 2002 92 of silicone; and resin compositions comprising 1 to 80 ~
by weight of an alkoxysilane, an organoalkoxysilane) a hydrolysis reaction
product thereof (polysiloxane) and/or colloidal silica, and the balance of
a res 5 in other than a silicone resin. The above-mentioned silicone resins
can be in any form of a solution thereof in a solvent, a dispersion thereof
in a solvent, or a powder thereof. Further, the silicone resins may contain
various additives, such as a cross-linking 10 agent, a catalyst and the
like. Examples of alkoxysilanes and organoalkoxysilanes include
tetraalkoxysilanes, such as tetramethoxysilane, tetraethoxysilane,
tetra-n-propoxysilane, tetra-i-propoxysilane and tetra-n-butoxysilane; 15
trialkoxysilanes, such as methyltrimethoxysilane, methyltriethoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, n-propyltrimethoxysilane,
n-propyltriethoxysilane, i-propyltrimethoxysilane, i-propyltriethoxysilane,
n-butyltrimethoxysilane, 20 n-butyltriethoxysilane,
n-pentyltrimethoxysilane, n-hexyltrimethoxysilane,
n-heptyltrimethoxysilane, n-octyltrimethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, cyclohexyltrimethoxysilane,
cyclohexyltriethoxysilane, phenyltrimethoxysilane, 25
phenyltriethoxysilane, 3-chloropropyltrimethoxysilane,   9 October. 2002 93
3-chloropropyltriethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane,
3,3,3-trifluoropropyltriethoxysilane, 3-aminopropyltrimethoxysilane, 5
3-aminopropyltriethoxysilane, 2-hydroxyethyltrimethoxysilane,
2-hydroxyethyltriethoxysilane, 2-hydroxypropyltrimethoxysilane,
2-hydroxypropyltriethoxysilane, 10 3-hydroxypropyltrimethoxysilane,
3-hydroxypropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane,
3-mercaptopropyltriethoxysilane, 3-isocyanatopropyltrimethoxysilane, 15
3-isocyanatopropyltriethoxysilane, 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltriethoxysilane, 



20 3-(meth)acryloxypropyltrimethoxysilane,
3-(meth)acryloxypropyltriethoxysilane, 3-ureidopropyltrimethoxysilane and
3-ureidopropyltriethoxysilane; dialkoxysilanes, such as
dimethyldimethoxysilane, dimethyldiethoxysilane, 25 diethyldimethoxysilane,
diethyldiethoxysilane,   9 October, 20O2 di-n-propyldimethoxysilane,
di-i-propyldimethoxysilane, di-n-butyldimethoxysilane,
di-n-pentyldimethoxysilane, 94 di-n-propyldiethoxysilane,
di-i-propyldiethoxysilane, di-n-butyldiethoxysilane,
di-n-pentyldiethoxysilane, 5 di-n-hexyldimethoxysilane,
di-n-hexyldiethoxysilane) di-n-heptyldimethoxysilane,
di-n-heptyldiethoxysilane, di-n-octyldimethoxysilane,
di-n-octyldiethoxysilane, dicyclohexyldimethoxysilane,
dicyclohexyldiethoxysilane, diphenyldimethoxysilane and
diphenyldiethoxysilane; and 10 monoalkoxysilanes, such as
trimethylmethoxysilane and trimethylethoxysilane; and the like. Among
these, preferred are trialkoxysilanes, such as methyltrimethoxysilane and
methyltriethoxysilane; and dialkoxysilanes, such as
dirnethyldimethoxysilane and dimethyldi 15 ethoxysilane. The
above-mentioned alkoxysilanes and organoalkoxysilanes may be used
individually or in com bination. When the hydrolysis reaction product
(polysiloxane) of the alkoxysilane and/or organoalk 20 oxysilane is used as
the coating resin compositions, the weight average molecular weight (Mw) of
the partial polycondensation product obtained by the hydrolysis reaction is
preferably in the range of from 400 to 100,000, more preferably from 800 to
50,-000. 25 Examples of the above-mentioned fluoro resins in   9 October,
20O2 95 elude PTFE; poly(vinylidene fluoride); resins, such as an
acrylic-fluoro resin, an epoxy-fluoro resin, and a urethane-fluoro resin,
wherein the resin contains 1 to 80 % by weight of fluorine; copolymers of a
fluoro 5 olefin and a carbon-carbon unsaturated compound such as a vinyl
ether, a vinyl ester) an allyl compound, and a (meth)acrylate ester ; and
the like. The abovementioned fluoro resins may be in any form of a solution
thereof in a solvent, a dispersion thereof in a 10 solvent, or a powder
thereof. Further, the fluoro res ins may contain various additives, such as
a cross linking agent, a catalyst and the like. When the modified
photocatalyst particles of the modified photocatalyst sol are those which
have been 15 prepared by subjecting particles of a photocatalyst to a
modification treatment with a modifier compound which has at least one
reactive group selected from the group consisting of an epoxy group, an
acryloyl group, a 



methacryloyl group, an acid anhydride group, a keto 20 group, a carboxyl
group, a hydrazine group, an isocya nate group) an isothiocyanate group, a
hydroxyl group, an amino group, a cyclic carbonate group and an ester
group, it is preferred to mix the modified photocata lyst sol with a
compound or resin which has a function25 al group capable of reacting with
the reantive group of   9 October, 2002 96 the modified photocatalyst sol,
to thereby form a modi f led photosensitive catalyst composition. In the
modif led photocatalyst composition thus produced, the reac tive group of
the modified photocatalyst sol is occa 5 sionally, partly reacted with the
functional group of the above-mentioned compound or resin (during the
storage of the mixture at 40 C or low for 8 hours, the ratio of the
reaction of the reactive group with the functional group is 50 ~ or less).
However, the 10 greater part of the modified photocatalyst composition as
prepared above remains in the form of a mixture of the modified
photocatalyst sol and the above-mentioned compound or resin. Among the
above-mentioned modified photocatalyst 15 compositions) a modified
photocatalyst sol which has at least one reactive group selected from the
group con silting of a hydrazine group and a keto group and a modified
photocatalyst composition which has at least one functional substance
selected from the group con 20 listing of a polyhydrazine compound and a
polycarbonyl compound, are preferred. The reason for this preference is
because such modified photocatalyst compositions not only exhibit both good
low-temperature curability and good storage stability, but are
also-susceptive to 25 a hydrazone cross-linking reaction or a semicarbazone
9 October, 20O2 97 cross-linking reaction, which is useful for forming a
film having excellent properties with. respect to water resistance,
staining resistance, hardness and the like. Examples of the above-mentioned
polyhydrazine com 5 pounds include polyhydrazides, polysemicarbazides and
polyhydrazides of carbonic acid. Of these polyhydrazine compounds,
preferred are adipodihydrazide, and the polysemicarbazide derivative
proposed in International Patent Application Publica 



10 tion No. W096/01252. Examples of the above-mentioned polycarbonyl com
pounds include a copolymer having carbonyl groups, a carbonyl
group-containing polyurethane obtained by us ing as a raw material a
monohydric or polyhydric alco 15 hol having a carbonyl group, such as
hydroxyacetone (see Unexamined Japanese Patent Application Laid-Open
Specification No. 2-238015), a polyvinyl alcohol) ace toacetate and a
hydroxyalkyl cellulose acetoacetate. These compounds can be used
individually or in combina 20 tion. Of these polycarbonyl compounds,
preferred is a carbonyl group-containing copolymer which is obtained by
copolymerizing (a) a carbonyl group-containing eth ylenically unsaturated
monomer and (b) an ethylenically 25 unsaturated monomer copolymerizable
with monomer (a).   9 October, 20O2 98 More preferred is a copolymer which
is obtained by copolymerizing 0.1 to 30 ~ by weight of, monomer (a) with
99.9 to 70 ~ by weight of monomer (b) copolymerizable with monomer (a). 5
Examples of carbonyl group-containing ethylenical ly unsaturated monomers
(a) include diacetone acrylamide, diacetone methacrylamide) acrolein, vinyl
methyl ketone, acetoacetoxyethyl methacrylate, acetoacetoxyethyl acrylate
and formylstyrene. These com 10 pounds can be used individually or in
combination. Examples of ethylenically unsaturated monomers (b)
copolymerizable with monomer (a) include an acrylic es ter, a methacrylic
ester, an ethylenically unsaturated monomer having a carboxyl group, an
ethylenically un 15 saturated monomer having an epoxy group, a monomeric
acrylamide derivative, a monomeric methacrylamide derivative and a vinyl
cyanide derivative. Examples of (meth)acrylic esters include an alkyl
(meth)acrylate having a C1-C18 alkyl group, a hy 20 droxyalkyl
(meth)acrylate having a C1-C18 hydroxyalkyl group, a (poly)oxyethylene
(meth)acrylate having a (poly)oxyethylene group comprising 1 to 100
ethylene oxide unit(s), a (poly)oxypropylene (meth)acrylate having a
(poly)oxypropylene group comprising 1 to 100 pro 25 pylene oxide unit(s),
and a (poly)oxyethylene   9 October, 2002 99 di{meth)acrylate having a
(poly)oxyethylene group com prising 1 to 100 ethylene oxide unit(s).
Specific examples of (meth)acrylic esters (having a C1-C18 alkyl group)
include methyl (meth)acrylate, 5 ethyl (meth)acrylate, n-butyl
(meth)acrylate, 2 ethylhexyl (meth)acrylate, methylcyclohexyl 



(meth)acrylate and dodecyl (meth)acrylate. Specif is examples of
hydroxyalkyl (meth)acrylates include 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl 10 (meth)acrylate and 2-hydroxycyclohexyl (meth)acrylate.
Specific examples of (poly)oxyethylene (meth)acrylates include ethylene
glycol (meth)acrylate, ethylene glycol (meth)acrylate monomethyl ether,
dieth ylene glycol (meth)acrylate, diethylene glycol 15 (meth)acrylate
monomethyl ether, tetraethylene glycol (meth)acrylate and
methoxytetraethylene glycol (meth)acrylate. Specific examples of
(poly)oxypropylene (meth)acrylates include propylene glycol (meth)acrylate,
20 propylene glycol {meth)acrylate monomethyl ether, di propylene glycol
(meth)acrylate, dipropylene glycol (meth)acrylate monomethyl ether,
tetrapropylene glycol (meth)acrylate and tetrapropylene glycol
(meth)acrylate monomethyl ether. 25 Specific examples of (poly)oxyethylene
9 October, 20O2 loo di(meth)acrylates include ethylene glycol
di(meth)acrylate, diethylene glycol di(meth)acrylate and tetraethylene
glycol di(meth)acrylate. Specific examples of ethylenically unsaturated 5
monomers having a carboxyl group include acrylic acid, methacrylic acid,
itaconic acid, fumaric acid, malefic acid, a half ester of malefic acid,
and crotonic acid. Specific examples of monomeric (meth)acrylamide
derivatives include (meth)acrylamide, N-methylol 10 (meth)acrylamide and
N-butoxymethyl (meth)acrylamide. Specific examples of vinyl cyanide
derivatives in elude (meth)acrylonitrile. Specific examples of
ethylenically unsaturated monomers having an epoxy group include glycidyl
15 (meth)acrylate, 2,3-epoxycyclohexyl (meth)acrylate and allyl glycidyl
ether. Further examples of monomers (b) include olefins, such as ethylene,
propylene and isobutylene; dienes, such as butadiene; haloolefins, such as
vinyl chloride 



20 and vinylidene chloride; vinyl esters of a carboxylic acid, such as
vinyl acetate, vinyl propionate, vinyl nbutyrate, vinyl benzoate, vinyl
p-t-butylbenzoate, vinyl pivalate, vinyl 2-ethylhexanoate, vinyl esters of
Versatic Acids and vinyl laurate; isopropenyl esters of 25 a carboxylic
acid, such as isopropenyl acetate and iso   9 October, 2O02 1o1 propenyl
propionate; vinyl ethers, such as ethyl vinyl ether, isobutyl vinyl ether
and cyclohexyl vinyl ether; aromatic vinyl compounds, such as styrene and
vinyl toluene; allyl esters, such as allyl acetate and allyl 5 benzoate;
allyl ethers, such as allyl ethyl ether and allyl phenyl ether;
Y-(meth)acryloxypropyltrimethoxysilane,
4-(meth)acryloyloxy-2,2,6,6-tetramethylpiperidine,
4-(meth)acryloyloxy-1,2,2,6,6-pentamethylpiperidine, perfluoromethyl
(meth)acrylate, perfluoro 10 propyl (meth)acrylate, perfluoropropylmethyl
(meth)acrylate, vinylpyrrolidone, trimethylolpropane tri(meth)acrylate, and
allyl (meth)acrylate. These compounds can be used individually or in
combination. It is preferred that the polycarbonyl compound is 15 produced
by suspension polymerization, emulsion polym erization or solution
polymerization. It is more preferred that the polycarbonyl compound is in
the form ` of a latex obtained by emulsion polymerization. In this case, it
is preferred that an emulsifier having a 20 reactivity (polymerizability)
is used in the emulsion polymerization to produce a latex, because the
modified photocatalyst composition of the present invention which contains
the thus produced latex has excellent water resistance. 25 The production
of the above-mentioned polycarbonyl   9 October, 20O2 102 compound is
performed in the presence of a radical polymerization catalyst. The
above-described radical polymerization catalyst is a water- or oil-soluble
persulfate, peroxide, azobis compound or the like, which 5 is capable of
decomposing to form a radical by heating or by a reducing agent, so as to
cause radical addition polymerization of an ethylenically unsaturated
monomer. Examples of radical polymerization catalysts include potassium
persulfate, sodium persulfate, ammonium per 10 sulfate, hydrogen peroxide,
t-butyl hydroperoxide, t butyl peroxybenzoate, 2,2'-azobisisobutylonitrile,
2,2'-azobis(2-amidinopropane) hydrochloride and
2,2'azobis(2,4-dimethylvalero-nitrile). Usually, the radical polymerization
catalyst is used in an amount of 15 from 0.1 to 1 ~ by weight, based on the
weight of the ethylenically unsaturated monomer. Usually, it is preferred
that the polymerization is conducted under ` atmospheric pressure at 65 to
90 C. However, depend ing on the properties (such as the vapor pressure at
20 the polymerization temperature) of the monomer, the polymerization may
be conducted under high pressure. When it is desired to increase the
polymerization rate or it is desired to conduct the polymerization at a low
temperature, i.e., 70 C or less, it is preferred that 



25 a reducing agent, such as sodium bisulfate, ferrous   9 October, 2002
los chloride, an ascorbate or Rongalit is used in combination with the
radical polymerization catalyst. Further, if desired, a chain transfer
agent, such as dodecylmer captan, can be used for controlling the molecular
5 weight of the polycarbonyl compound. It is preferred that during or after
the polymeri zation for preparing the above-mentioned polycarbonyl
compound, the polycarbonyl compound is modified with the above-mentioned at
least one compound selected from 10 the group consisting of an
alkoxysilane, an organoalk oxysilane, a hydrolysis-condensation product
(polysiloxane) of an alkoxysilane and/or organoalkoxysilane and a colloidal
silica, wherein the compound for modif ication of the polycarbonyl compound
is used in an 15 amount sufficient for modifying 0.1 to 80 ~ by weight of
the polycarbonyl compound. The use of the thus ob tained modified carbonyl
compound in the modified pho tocatalyst composition of the present
invention is ad vantageous in that a film having excellent weatherabil 20
ity can be obtained from the modified photocatalyst composition. The
modified photocatalyst composition of the pre sent invention can be
obtained by, for example: a method in which the modified photocatalyst sol
25 of the present invention with the above-described func   9 October, 20O2
l0A tional substance (e.g., the above-mentioned resin), and a method in
which the radical polymerization of an ethylenically unsaturated monomer
(e. g., the ethyleni tally unsaturated monomer described above as an
example 5 of monomers used for obtaining the above-described co polymer
having a carbonyl group) and/or the condensation polymerization of a
hydrolyzable silane (e.g., the above-described at least one compound
selected from the group consisting of an alkoxysilane, an organoalkoxysi 10
lane, and a hydrolysis-condensation product of an alk oxysilane and/or an
organoalkoxysilane) is performed in the presence of the modified
photocatalyst sol of the present invention. With respect to the modified
photocatalyst sol 



15 used for obtaining the modified photocatalyst composi tion of the
present invention, it is preferred that the modified photocatalyst sol
contains a group (such as a (meth)acryloyl group) having a reactivity with
an eth ylenically unsaturated monomer and/or a group (such as 20 a
hydroxysilyl group) having a reactivity with a hydro lyzable silane
compound. By the use of such a modified photocatalyst sol, it becomes
possible to obtain the modified photocatalyst composition in the form of a
modified photocatalyst/resin composite composition in 25 which the modified
photocatalyst and the resin are   9 Octobgr, 2002 105 bonded to each other
through a chemical bonding. In the present invention, it is preferred that
a compound having a surface energy larger than that of each modified
photocatalyst particle in the modified 5 photocatalyst sol is used as the
above-mentioned func tional substance. The modified photocatalyst
composition containing such a large surface energy compound exhibits a
self-stratifying or self-gradating property with respect to the
distribution of the modified photo 10 catalyst (i.e.) the ability to
distribute anisotropi cally the photocatalyst). Hereinafter, such a
modified photocatalyst composition is frequently referred to as a
"self-stratifying or self-gradating type photocatalyst composition". By
virtue of this self-stratifying 15 or self-gradating property, the
self-stratifying or self-gradating type photocatalyst composition can be
used for forming on a substrate a film or producing a shaped article (such
as a structural part), which is anisotropic with respect to the
distribution of the 20 modified photocatalyst. More specifically, during
the formation of the above-mentioned film or shaped article, a gradient is
automatically formed in the selfstratifying or self-gradating type
photocatalyst composition with respect to the concentration of the modi 25
fied photocatalyst particles, wherein the concentration   9 October, 2002
106 of the modified photocatalyst particles in the resultant film or shaped
article increases from the inner portion thereof (in the case of the film,
the "inner portion" means the surface contacting the substrate, 5 and in
the case of the shaped article, the "inner por tion" means the central
portion thereof) toward the exposed surface thereof. The property to cause
such a phenomenon is hereinafter, frequently referred to as
"self-stratifying or self-gradating property". With 10 respect to the film
or shaped article obtained from the self-stratifying or self-gradating type
modified photocatalyst composition, the amount of the modified
photocatalyst particles at the exposed surface thereof is from 5 to 100 ~
by weight, preferably from 50 to 100 ~ 15 by weight, based on the total
weight of the modified photocatalyst particles, and the amount of the
modified photocatalyst particles in the inner portion thereof ` is 0 to 50
~ by weight, preferably 0 to 10 ~ by weight, 



based on the total weight of the modified photocatalyst 20 particles.
Further, the concentration ratio of the modified photocatalyst particles at
the exposed surface to the modified photocatalyst particles at the inner
portion is 1.5 or more. For achieving the above-mentioned self-stratifying
25 or self-gradating property, it is important that the   9 October, 2002
10~ volume mean particle diameter of the modified photocatalyst particles
be 800 nm or less. When the volume mean average particle diameter is more
than 800 nm, the self-stratifying or self-gradating property of the 5
modified photocatalyst sol becomes very low. In the self-stratifying or
self-gradating type modified photocatalyst composition of the present
invention, it is preferred that the volume mean particle diameter of the
modified photocatalyst particles is 200 nm or less, 10 more advantageously
from 1 nm to 100 nm, still more ad vantageously from 5 nm to 50 nm. With
respect to the self-stratifying or self gradating type modified
photocatalyst composition of the present invention, it is considered that
the low 15 surf ace energy of the modified photocatalyst due to the
above-mentioned structural units (1) to (3) is one of the factors which
cause the modified photocatalyst of the present invention to exhibit the
self-stratifying or self-gradating property. This means that the func 20
tional substance used in the self-stratifying or self gradating type
modified photocatalyst composition of the present invention needs to have a
surface energy larger than that of each modified photocatalyst parti cle,
preferably by 2 dyne/cm or more. 25 The above-mentioned surf ace energy of
each of the   9 October, 20O2 1o8 modified photocatalyst and the functional
substance can be measured, for example, by the following method. The
surface energy is measured using films or shaped arti cles (such as a
structural part), which are, respec 5 tively, produced from the modified
photocatalyst sol and the functional substance. Specifically, deionized
water was dripped onto the surface of the film or the shaped article. Then,
the contact angle (8) of the wa ter, relative to the surface of the film or
the shaped 



10 article, is measured at 20 C, and the surface energy of the film or the
shaped article is calculated from the contact angle using the following
Sell and Neu mann's empirical formula: 15 ( 0 . 015 'ys - 21 x ys x yl + yl
cos a = ylx(0.015x ysxyl-1) wherein ys represents the surface energy 20
(dyne/cm) of the film or shaped article (whi ch is used for measuring the
contact angle of water) and yl represents the surface energy of water,
i.e., 72.8 dyne/cm (20 C). 25 With respect to the functional substance
(having a   9 October, 2002 109 high surface energy) used in the
self-stratifying or self-gradating type modified photocatalyst composition
of the present invention, there is no particular limitation, and various
monomers, synthetic resins, natural 5 resins and the like can be used, as
long as the func tional substance has a high surface energy satisfying the
above-mentioned requirement. Hereinafter, such a functional substance is
referred to as a "high surface energy substance". The high surface energy
substance 10 may be a substance which is curable by drying, heating,
moisture absorption, light irradiation or the like af ter the formation of
a film or a shaped article. It is preferred that the high surface energy
sub stance used in the above-mentioned self-stratifying or 15
self-gradating type modified photocatalyst composition of the present
invention is a composition which con tains a component insusceptive to
decomposition by the ` action of the modified photocatalyst (hereinafter
referred to as "indecomposable component"), and which, 20 when formulated
into a film or a shaped article, is ca pable of providing a structure
wherein the concentra Lion of the indecomposable component increases from
the inner portion toward the exposed surface. Examples of such compositions
include a silicone resin composition 25 and a fluoro resin composition.
These compositions can   9 October, 2002 11o be used independently or in
combination. 



As examples of the above-mentioned silicone resin compositions and fluoro
resin compositions, there can be mentioned a composition comprising a
fluoro resin 5 and/or an acrylic resin and 0.1 to 50 ~ by weight of an
alkoxysilane, an organoalkoxysilane and/or a hydrolysis-condensation
product (polysiloxane) of an alkoxysilane and/or organoalkoxysilane, such
as the composition proposed in Unexamined Japanese Patent Application 10
Laid-Open Specification No. 10-72569. These resin com positions may contain
an additive, such as a crosslink ing agent, a catalyst and the like.
Further, with respect to the form of the self stratifying or self-gradating
type modified photocata 15 lyst composition, there is no particular
limitation. For example, the self-stratifying or self-gradating ty pe
modified photocatalyst composition may be either in a pellet form or in the
form of a solution thereof or a dispersion thereof in a solvent. It is most
preferred 20 that the self-stratifying or self-gradating type modi f ied
photocatalyst composition is in the form of a coating composition
containing a resin. It is preferred that, in the self-stratifying or
self-gradating type modified photocatalyst composition 25 of the present
invention, the ratio of the weight (in   9 October) 2002 11Z terms of the
weight of the solids content) of (C') the modified photocatalyst to the
weight of (D') the high surface energy compound, i.e., (C')/(D') weight
ratio, is from 0.0001 to Z0, more advantageously from 0.001 to 5 1. Even if
the content of the modified photocatalyst is very small so that the
(C')/(D') weight ratio is from 0.0001 to 0.2, the film or shaped article
formed from the above-mentioned modified photocatalyst composition can
exhibit satisfactory properties with respect 10 to the photocatalyst
activity and/or the hydrophilicity or hydrophobicity when irradiated with
light. The film obtained from the self-stratifying or self-gradating type
modified photocatalyst composition has a structure wherein the modified
photocatalyst par 15 ticles exhibit a concentration gradient in which the
concentration of the particles increases from the in side film surface (in
contact with the substrate) to ` ward the outside film surface. Such a film
exhibits good adhesion to a substrate, so that the film can 20 provide a
functional composite which exhibits extremely excellent durability and
photocatalyst activity. In the present invention, modified photocatalyst 



particles having a volume mean particle diameter of 800 nm or less, which
are obtained by removing the liquid 25 medium from the modified
photocatalyst sol, may be   9 October, 2002 112 mixed with the
above-mentioned high surface energy compound to thereby obtain a modified
photocatalyst composition having a self-stratifying or self-gradating
property with respect to the distribution of the modi 5 f ied photocatalyst
particles. Such a composition can be easily handled mainly in a pellet form
and is very suitable for obtaining a shaped article having a structure
wherein the modified photocatalyst particles exhabit a concentration
gradient in which the concentra 10 tion of the modified photocatalyst
particles increases from the inner portion of the shaped article toward the
surface portion of the shaped article. An explanation is made below with
respect to the method for obtaining a film or shaped article from the 15
above-mentioned modified photocatalyst sol, the modi fied photocatalyst
composition comprising the modified photocatalyst sol and a functional
substance, or the - self-stratifying or self-gradating type modified photo
catalyst composition comprising the modified photocata 20 lyst (obtained
from the modified photocatalyst sol) and a compound having a surface energy
larger than that of the modified photocatalyst. For example, when each of
the above-mentioned sol and compositions is provided in the form of a
coating composition, the coating composi 25 tion is applied onto a
substrate and dried and) then,   9 October, 2002 113 if desired, subjected
to heat treatment or the like to thereby obtain a functional composite
which exhibits desired properties when irradiated with light, wherein the
desired properties include hydrophilicity or hydro 5 phobicity,
photocatalyst activity and a photoelectric conversion function. Examples of
methods for applying the coating composition onto a substrate include a
spray coating method, a flow coating method, a roll coating method, a brush
coating method, a dip coating 10 method, a spin coating method, a screen
printing method, a casting method, a gravure printing method and a
flexographic printing method. Further, when the form of the modified
photocatalyst composition (including the self-stratifying or 15
self-gradating type thereof) is a pellet, the pellet is subjected to
extrusion molding, injection molding, press molding or the like to thereby
obtain a shaped ` article which exhibits desired properties when irradiated
with light, wherein the desired properties include 20 hydrophilicity or
hydrophobicity, photocatalyst activ ity and a photoelectric conversion
function. When the film or shaped article obtained from the modified
photocatalyst sol or the modified photocatalyst composition of the present
invention (including 25 the self-stratifying or self-gradating type
thereof) is   



9 October, 2002 114 irradiated with light having energy which is larger
than the band gap energy of the photocatalyst contained therein (wherein,
in the case where the modified photocatalyst contains a sensitizing dye,
the above 5 mentioned light rnay be absorbed by the sensitizing dye), the
film or shaped article exhibits desired properties, such as hydrophilicity
or hydrophobicity, photocatalyst activity and a photoelectric conversion
function. In the film or shaped article obtained from the 10 modified
photocatalyst sol or the modified photocatalyst composition of the present
invention (including the self-stratifying or self-gradating type thereof),
modifier compound-derived moieties are present on the surface of the
modified photocatalyst particles, where 15 in the modifier compound-derived
moieties comprise a structural unit having a molecular skeleton which is
not decomposed by the photocatalyst activity (which structural unit is
represented by at least one of the above-mentioned formulae (1) to (3)), so
that a resin 20 which is contained (as a binder or a structural material)
in the film or shaped article is not degraded by the photocatalyst
activity. Further, when a modifier compound having the structural unit
represented by the above-mentioned for25 mula (3) is used, a film or
structural material having   . . 9 October, 2002 115 a very high
hydrophobicity can be obtained from the modified photocatalyst sol or the
modified photocatalyst composition (including the self-stratifying or
self-gradating type thereof). 5 In the present invention, as examples of
light having energy which is larger than the band gap energy of the
photocatalyst and light which can be absorbed by a sensitizing dye, there
can be mentioned light obtained in the general residential environment
(such as 10 sunlight and room light), black light, and light emitted from a
xenon lamp or a mercury lamp or the like. Further, if desired, additives
generally added to conventional coating compositions and the like may be 15
chosen according to various purposes and added to the modified
photocatalyst sol or the modified photocatalyst composition of the present
invention (including ` the self-stratifying or self-gradating type modified
photocatalyst composition). Examples of these addi 20 tives include a
pigment, a filler, a dispersant , a light stabilizer, a wetting agent, a
thickener, a rheologycontrolling agent, an antifoaming agent, a
plasticizer, a film-forming auxiliary , a rust preventive agent, a dye, a
preservative and the like. Such additives can 25 be used individually or in
combination.   9 October, 20O2 116 Each of a shaped article formed from the
modified photocatalyst sol or the modified photocatalyst compo sition of
the present invention (including the self stratifying or self-gradating
type modified photocata 5 lyst composition), and a functional composite
obtained by forming a film on a substrate wherein the film comprises the
modified photocatalyst sol or the modified photocatalyst composition
(including the selfstratifying or self-gradating type thereof), can ex 10
hibit desired properties, such as hydrophilicity or hy drophobicity,
photocatalyst activity and a photoelectric conversion function. Therefore,
in another aspect of the present invention, there are provided a shaped
article formed from the modified photocatalyst sol or 15 the modified
photocatalyst composition (including the self-stratifying or self-gradating
type modified photo catalyst composition)) and a functional composite ob
tained by forming a film on a substrate wherein the film comprises the
modified photocatalyst sol or the 20 modified photocatalyst composition
(including the self 



stratifying or self-gradating type modified photocata lyst composition).
When the above-mentioned shaped article or func tional composite provided
in the present invention ex 25 hibits a photocatalyst activity, such as the
activity   9 October, 2002 117 to decompose organic substances, such a
shaped article or functional composite exhibits various functions, such as
an antibacterial function, a staining resis tance function, a smell
preventive function and an NOx5 decomposing function. Therefore, such a
shaped article or functional composite can be used in various fields, such
as environmental clean-up, for example, clean-up of the atmosphere, water
or the like. When the above-mentioned shaped article or func 10 tional
composite provided in the present invention has a characteristic that, when
its surface is irradiated with light, water exhibits a contact angle
against the surf ace of 60 or less (preferably 10 or less) at 20 C, i.e.,
the surface exhibits hydrophilicity, such 15 a shaped article or functional
composite (a hydrophilic shaped article or hydrophilic film, and a
substrate covered with a hydrophilic film) can be utilized in, for example,
the techniques for preventing fogging from occurring on a mirror or a
glass, the techniques for 20 preventing dirt from adhering to a building
exterior, the antistatic techniques or the like. Therefore, the shaped
article or functional composite can be advanta geously used in various
application fields, such as a window glass, a mirror, a lens, a goggle,_a
cover, an 25 insulator, a building material, an building exterior,   9
October, 2002 11s an building interior, a structural member, an exterior
and a coating for vehicles, an exter~,or for machines and other articles,
various display apparatuses, lighting equipment, residential equipment,
tableware) kitch 5 enware, household electric appliances, magneto-optical
memory media, optical memory media, and the like. When the above-mentioned
shaped article or func tional composite provided in the present invention
has a characteristic that, when its surface is irradiated 10 with light,
water exhibits a contact angle against the 



surface of 70 or more (preferably 90 or more) at 20 C, i.e., the surface
exhibits hydrophobicity, such a shaped article or functional composite (a
hydrophobic shaped article or hydrophobic film, and a substrate 15 covered
with a hydrophobic film) can be utilized in, f or example, the techniques
for imparting water repellent properties, the techniques for preventing ad
hesion of aqueous dirt, the techniques for preventing ,_ dirt adhesion by
washing with a flow of water, and the 20 techniques for preventing adhesion
of ice and snow. Therefore, the shaped article or functional composite can
be advantageously used in various application fields, such as a window
glass, a windshield, a mirror, a lens) a goggle, a cover, an insulator, a
building ma 25 terial, a building exterior, a building interior, a   9
October, 2002 119 structural member, an exterior and a coating for vehi
cles, an exterior for machines and other articles, various display
apparatuses, lighting equipment, resi dential equipment, tableware,
kitchenware, household 5 electric appliances, a roofing material, an
antenna, an electricity transmission cable, equipment for sliding on ice
and snow, and the like. When the above-mentioned shaped article or func
tional composite provided in the present invention ex 10 hibits a
photoelectric conversion function, such a shaped article or functional
composite can convert, for example, solar energy into electric power.
Therefore, such a shaped article or functional composite can be used in
various application fields, such as an optical 15 semiconductor electrode
used for a wet-type solar cell or the like. Further, with respect to a
member provided in the present invention which member has a characteristic
that its wettability with respect to water can be 20 changed by light
irradiation (change from hydrophobic to hydrophilic or change from
hydrophilic to hydropho bic), such a member can be very advantageously used
in, for example, an offset printing plate. 25   9 October, 2002 120 BEST
MODE FOR CARRYING OUT THE INVENTION 



The present invention will be described in more detail with reference to
the following Examples, Refer ence Examples and Comparative Examples) which
should 5 not be construed as limiting the scope of the present invention.
In the Examples, Reference Examples and Cornpara tive Examples, various
properties were measured and 10 evaluated as follows. (1) Measurement of
the volume mean particle diameter: An appropriate amount of a solvent was
added to a sample sol or composition containing particles so that the
sample was diluted to have a solids content of from 15 1 to 20 ~ by weight.
With respect to the resultant di luted sample, the volume mean particle
diameter of the particles contained therein was measured by means of a '
wet-type particle size analyzer (Microtrac UPA-9230, manufactured and sold
by Nikkiso Co., Ltd., Japan). 20 (2) Measurement of the weight average
molecular weight: The weight average molecular weight was measured by gel
permeation chromatography (GPC), utilizing a 25 calibration curve obtained
with respect to standard di   9 October, 2002 121 methyl silicone samples.
The GPC was conducted under the following condi tions. Apparatus:
chromatograph model HLC-8020 LC-3A 5 (manufactured and sold by Tosoh
Corporation, Japan); Columns : TSKgel G1000HXL, TSKgel G2000HXL and TSKgel
G4000HXL (each of which is manufactured and sold by Tosoh Corporation,
Japan), connected in series; Data processor: data processor model CR-4A
(manu10 factured and sold by Shimadzu Corporation, Japan); Fluent:
chloroform; Flow rate: 1.0 ml/min; Method for preparing a sample for GPC: A
sample compound to be analyzed by GPC was dis15 solved in an appropriate
amount of chloroform so that the concentration of the sample compound in
the resul taut solution fell within the range of from 0.5 to 2 ~ by weight,
thereby obtaining a sample solution. The obtained sample solution was
subjected to GPC. 20 (3) Infrared absorption (IR) spectrum: IR spectrum was
obtained by means of infrared spectrometer model FT/IR-5300 (manufactured
and sold by Japan Spectroscopic Co., Ltd., Japan). 25 



9 October, 2002 122 (4) Measurement of the viscosity: The viscosity was
measured using a Brookfield viscometer equipped with a rotor (No. 2) under
conditions wherein the revolution speed of the rotor was 60 rpm 5 and the
temperature was 20 C. (5) Measurement of the surface energy of a film or
shaped article: The contact angle (6) of water against the surface 10 of a
film or shaped article was measured by the method described in item (7)
below. From the obtained contact angle, the surface energy of the film or
shaped article was calculated, using the following Sell and Neumann's
empirical formula: 15 cos a = ( ~ . 015 ys - 2 ) x ys x yl + yl 'ylx(0.015x
Ysxyl-1) wherein ys represents the surface energy (dyne/cm) of the film or
shaped article, and 20 ~yl represents the surface energy of water, i.e.,
72.8 dyne/cm (20 C). (6) Measurement of the distribution of a modified pho
tocatalyst in a coating: 25 A modified photocatalyst composition was cast
on a   9 October, 2002 123 film for an overhead projector (hereinafter
referred to as "OHP film") so as to have a dating thickness of 20 um. The
OHP film having formed thereon a coating was dried at room temperature for
2 days and, then, sub 5 jetted to heat-drying at 50 C for 3 days, to
thereby obtain a smooth coating on the surface of the OHP film. The OHP
film (carrying the coating) was embedded in an epoxy resin by using Quetol
812 set (manufactured and sold by NISSHIN EM CO., LTD, Japan). The OHP film
10 embedded in the epoxy resin was cut together with the coating (and epoxy
resin), and the resultant crosssections of the OHP film and coating were
analyzed by means of an energy-dispersive X-ray spectrometer (X-ray
spectrometer model DX-4, manufactured and sold by Nihon 15 Philips
Corporation, Japan). The distribution of the modified photocatalyst in the
coating was evaluated based on the concentrations (measured by the X-ray '
spectrometer) of the modified photocatalyst at various portions of the
cross-section of the coating. 20 (7) Measurement of the contact angle of
water against the surface of a film or shaped article: A drop of deionized
water was placed on the surf ace of a film or shaped article and allowed to
stand 



25 at 20 C for 1 minute. Then, the contact angle of the   9 October, 2002
i24 water drop against the surface of the film or shaped article was
measured by means of Contact Angle Meter model CA-X150, manufactured and
sold by KYOWA INTERFACE SCIENCE CO., LTD, Japan. 5 The smaller the contact
angle of water against the surface of the film or shaped article, the more
hydro philic the surface of the film or shaped article. (8) How the
hydrophilicity or hydrophobicity of the 20 surface of a film or shaped
article is changed by ul traviolet light irradiation: The surface of a film
or shaped article was irra diated with ultraviolet light (hereinafter
referred to as "UV") emitted from FL20S BLB black light (manufac 15 tured
and sold by TOSHIBA LIGHTING AND TECHNOLOGY CO., LTD., Japan) for 1 day or
3 days, and the contact angle of water against the surface of the film or
shaped ar ticle was measured by the method described in item (7) above. The
obtained contact angle was compared to that 20 obtained prior to the UV
irradiation. With respect to the UV irradiation, the intensity of UV was
adjusted to 1 mW/cmz, as measured by means of UV Radiometer Model UVR-2
(manufactured and sold by TOPCON CO., LTD., Japan), which was used in
combination 25 with Detector Model UD-36 (manufactured and sold by   9
October. 2002 125 TOPCON CO., LTD., Japan), which is a photodetector for
detecting light having a wavelength of from 310 to 400 nm. 5 (9) How the
hydrophilicity or hydrophobicity of the surface of a film or shaped article
is changed by sun light irradiation: The surface of a film or shaped
article was irra diated with sunlight for 3 hours, and the contact angle 10
of water against the surface of the film or shaped ar ticle was measured by
the method described in item (7) 



above. The obtained contact angle was compared to that obtained prior to
the irradiation. The sunlight irradiation was conducted using sun 15 light
transmitted through a glass plate so that the in tensities of UV and
visible light contained in the sun light were adjusted to 0.3 mW/om2 and 3
mW/cmz, respec tively, wherein the intensity of UV was measured by means of
the above-mentioned UV Radiometer Model UVR-2 20 used in combination with
the above-mentioned photode tector Model UD-36, and the intensity of
visible light was measured by means of the above-mentioned UV Radi ometer
Model UVR-2 used in combination with Detector Model UD-40 (manufactured and
sold by TOPCON CO., LTD., 25 Japan), which is a photodetector for detecting
light   9 October, 20O2 126 having a wavelength of from 370 to 490 nm. (10)
How the hydrophilicity or hydrophobicity of the surface of a film or shaped
article is changed by irra 5 diation with light containing almost no UV:
The surface of a film or shaped article was irra diated with light
containing almost no UV, which was emitted from an FL20SN-SDL NU
fluorescence lamp (manu f actured and sold by TOSHIBA LIGHTING AND
TECHNOLOGY 10 CO., LTD., Japan), for 24 hours. (The spectral energy
distribution of this light is shown in Fig. 1. Fig. 1 shows that this light
contains visible light having a wavelength of from 380 to 390 nm but
contains almost no W (i.e., light having a wavelength of less than 380 15
nm).) Subsequently, the contact angle of water against the surf ace of the
film or shaped article was measured by the method described in item (7)
above. The ob tained contact angle was compared to that obtained pri or to
the irradiation. 20 With respect to the irradiation with light con taining
almost no W, the intensity of visible light contained in the light was
adjusted to 0.3 mW/cmz, as measured by means of the above-mentioned UV
Radiometer Model UVR-2 used in combination with the above 25 mentioned
Detector Model UD-40).   9 October, 2O02 127 (11) Evaluation of the
photocatalyst activity exhibited at the surf ace of a film or shaped
article: A 5 ~ by weight ethanol solution of methylene blue 



5 was coated on the surface of a film or shaped article, and the resultant
coating was irradiated with UV emit ted from the above-mentioned FL20S BLH
black light for 5 days. With respect to the UV irradiation, the intensity
10 of UV was adjusted to 1 mW/cm2, as measured by means of the
above-mentioned UV Radiometer Model WR-2 used in combination with the
above-mentioned Detector Model UD 36. The surface of the film or shaped
article after 15 the UV irradiation was visually observed with respect to
the degree of fading of the blue color of methylene blue (in other words,
the degree of decomposition of methylene blue by the action of the
photocatalyst). The photocatalyst activity exhibited at the sur 20 face of
the film or shaped article was evaluated, based on the degree of
decomposition of methylene blue, by the following 3 criteria: p0 ,
methylene blue is completely decomposed; 0 . blue color of methylene blue
slightly remains; 25 and   9 October, 20O2 128 . almost no decomposition of
methylene blue is ob served. 5 10 15 20 (12) Solvent resistance of a film:
A modified photocatalyst composition was spraycoated on a glass plate in a
thickness of 30 urn. The coated glass plate was dried at room temperature
for 1 week, thereby forming a transparent and smooth film on the surface of
the glass plate. The film was peeled off from the glass plate, and put into
a wire mesh bag (wherein the wire mesh was of 200-mesh size), and the wire
mesh bag containing the film was immersed in acetone at room temperature
for 24 hours) The retention ratio of the weight of the film was calculated
by the following formula: Retention ratio of the weight - 100 X of the film
Weight of the film after immersion in acetone Weight of the film prior to
immersion in acetone The higher the retention ratio of the weight of the
film, the higher the solvent resistance of the film. 25   9 October, 2002 



129 Reference Example 1 (Synthesis of water-soluble silicon compound (1)
containing an Si-H groupa 500 g of dioxane and 500 g of KF9901 (trade name
of a methylhydrogensiloxane-dimethylsiloxane copolymer; 5 Si-H group
content: 7.14 mmol/g which is a value de scribed in the catalog, weight
average molecular weight: 3,900) (manufactured and sold by Shin-Etsu
Chemical Co., Ltd., Japan) were charged into a reactor equipped with a
reflux condenser, a thermometer and a 10 stirrer, and the resultant mixture
in the reactor was heated to 80 C while stirring. 1,370 g of Uniox MUS-8
(trade name of a poly oxyethylene allyl methyl ether; weight average molecu
lar weight: 800 which is a value described in the cata 15 log)
(manufactured and sold by Nippon Oil & Fats Co., Ltd., Japan) and 5 g of a
5 ~ by weight isopropanol so lution of hydrogen hexachloroplatinate(IV)
hexahydrate were dissolved in 2,310 g of dioxane. The resultant solution
was charged into the above-mentioned reactor 20 over approximately one hour
at 80 C while stirring, and the resultant mixture in the reactor was
stirxed at 80 C for 2 hours and, then, cooled to room temperature, thereby
obtaining a solution of silicon compound (1) containing an Si-H group
(hereinafter referred to sim 25 ply as "compound (1)").   9 October, 2002
130 When 100 g of water =aas added to 4 g of the above obtained solution of
compound (1), the resultant aque ous mixture was homogeneous and
transparent. On the other hand, 8 g of butyl cellosolve was 5 added to and
mixed with 4 g of the solution of compound (1), and, then, 8 ml of a 1 N
aqueous sodium hydroxide solution was added thereto, so that hydrogen gas
was generated, and the volume of the generated hydrogen gas was 37 ml as
measured at 23 C. The Si-H group content 10 of compound (1), as calculated
from the volume of the generated hydrogen gas, was 0.36 mmol per g of the
so lution of compound (1) (approximately 3.5 mmol per g of KF9901). 15
Reference Example 2 [Synthesis of silicon compound (2) containing an Si-H
group. which is self-emulsifiable in water] 170 g of dioxane and 100 g of
HMS-301-100GM {trade 



name of a methylhydrogensiloxane-dimethylsiloxane co 20 polymer; Si-H group
content: 4.523 mmol/g, weight aver age molecular weight: 5,400)
(manufactured and sold by CHISSO Corporation, Japan) were charged into a
reactor equipped with a reflux condenser, a thermometer and a stirrer, and
the resultant mixture in the reactor was 25 heated to 80 C while stirring.
9 October, 2002 131 50 g of Uniox MUS-8 (which is the same as in Ref erence
Example 1 above), 25 g of 5-norbornene-2, 3 dicarboxylic anhydride and 1.07
g of a 5 ~ by weight isopropanol solution of hydrogen hexachloroplatinate 5
(IV) hexahydrate were dissolved in 170 g of dioxane. The resultant solution
was charged into the abovementioned reactor over approximately one hour at
80 C while stirring, and the resultant mixture in the reacfor was stirred
at 80 C for 3 hours and, then, cooled 10 to room temperature, thereby
obtaining a solution of silicon compound (2) containing an Si-H group
(herein after referred to simply as "compound (2)"). When 100 g of water
was added to 4 g of the above obtained solution of compound (2), the
resultant aque 15 ous mixture was a dispersion which was slightly white
turbid. On the other hand, 8 g of butyl cellosolve was ` added to and mixed
with 2.119 g of the solution of com pound {2), and, then, 8 ml of a 1 N
aqueous sodium hy 20 droxide solution was added thereto, so that hydrogen
gas was generated, and the volume of the generated hy drogen gas was 31.0
ml as measured at 22 C. The Si-H group content of compound (2), as
calculated from the volume of the generated hydrogen gas, was 0.588 mmol 25
per g of the solution of compound (2) (approximately   9 October, 2002 l32
2.58 mmol per g of HMS-301-100GM). Example 1 200 g of Tinoc A-6 (trade name
of an ammonia 5 peptized sol of anatase-type titanium oxide; volume mean
particle diameter of particles dispersed in the sol: 13 nm, Ti02 content: 6
~ by weight, average crys tallite diameter: 10 nm which is a value
described in the catalog) (manufactured and sold by TAKI CHEMICAL 



10 CO., LTD., Japan) was charged into a reactor equipped with a reflux
condenser, a thermometer and a stirrer. Subsequently, 12.5 g of the
solution of compound (1) obtained in Reference Example 1 was charged into
the reactor over approximately 30 minutes at 30 C while 15 stirring, and
the resultant mixture in the reactor was stirred for 3 hours at 30 C to
effect a reaction of Tinoc A-6 with compound (1) and modify the TiO~ parti
cles of Tinoc A-6 to thereby obtain a sol containing particles of modified
titanium oxide (hereinafter 20 referred to as "modified TiOz particles")
well disper sed therein, wherein the volume mean particle diameter of the
modified Ti02 particles was 20 nm. During the reaction of Tinoc A-6 with
compound (1), hydrogen gas was generated. The volume of the generated
hydrogen 25 gas was 125 ml as measured at 23 C.   9 October, 20O2 133 The
obtained sol was applied onto a KRS-5 plate to thereby form a film on the
plate, and.the film was dried at 50 C for 2 hours. The resultant dry film
was taken as a sample, and subjected to IR spectrometry. 5 The IR spectrum
obtained by the spectrometry showed that the absorption at 3,630 to 3,640
cm-1 ascribed to a hydroxyl group directly bonded to a Ti atom (hereinafter
referred to as "Ti-OH group" ) of TiOz particles in Tinoc A-6 disappeared,
wherein the above-mentioned 10 absorption had been observed in the IR
spectrum of T102 prior to the modification of the TiOz particles. When the
obtained sol was allowed to stand still at 30 C for 100 days, the volume
mean particle diame ter of the modified Ti02 particles was still as small
15 as 23 nm. The obtained sol was spray-coated on a glass plate in a
thickness of 2 Eun. The coated glass plate was dried at room temperature
for one week, thereby forming a transparent and smooth film on the surface
of the 20 glass plate. The surface of the film was evaluated by examining
how the hydrophilicity or hydrophobicity of the film surface was changed by
UV irradiation (spe cifically, the evaluation was made with respect to the
change in the contact angle of water against the film 25 surface). The
surface of the film was also evaluated   9 October, 2002 134 with respect
to the photocatalyst activity. The re sults are shown in Table 1. Example 2
5 200 g of Nanotitania NTB-1 (trade name of a hydro chloric acid-peptized
sol of brookite-type titanium ox ide; volume mean particle diameter of
particles disper 



sed in the sol: 8 nm, Ti02 content: 15 ~ by weight) (manufactured and sold
by Showa Denko K.K., Japan) was 10 charged into a reactor equipped with a
reflux condenser, a thermometer and a stirrer. Subsequently) 70.2 g of the
solution of compound (1) obtained in Reference Example 1 was charged into
the reactor over approximately 30 minutes at 30 C while stirring, and the
resultant 15 mixture in the reactor was stirred for 10 hours at 30 C to
effect a reaction of Nanotitania NTB-1 with compound (1) and modify the
Ti02 particles of Nanotitania NTB-1 to thereby obtain a sol containing
modified T102 particles well dispersed therein, wherein the 20 volume mean
particle diameter of the modified Ti02 partitles was 15 nm. During the
reaction of Nanotitania NTB-1 with compound (1), hydrogen gas was
generated. The volume of the generated hydrogen gas was 274 ml as measured
at 23  C . 25 An IR spectrum was obtained in substantially the   9 October,
2002 135 same manner as in Example 1. The obtained IR spectrum showed that
the absorption ascribed to a Ti-OH group of Ti02 particles in Nanotitania
NTB-1 disappeared, wherein the above-mentioned absorption had been observed
in 5 the IR spectrum of Ti02 prior to the modification of the T102
particles. When the obtained sol was allowed to stand still at 30 C for 100
days, the volume mean particle diarne ter of the modified Ti02 particles
was still as small 10 as 21 nm. Using the obtained sol, a transparent and
smooth film was formed on the surf ace of a glass plate in sub stantially
the same manner as in Example 1. The sur face of the film was evaluated by
examining how the hy15 drophilicity or hydrophobicity of the film surface
was changed by UV irradiation. The surface of the film was also evaluated
with respect to the photocatalyst activity. The results are shown in Table
1. 20 Example 3 420 g of TO-Z40 (trade name of a sol of anatase type
titanium oxide (wherein the surface of each Ti02 particle dispersed in the
sol is modified with peroxo groups); volume mean particle diameter of
particles 25 dispersed in the sol: 15 nm, Ti02 content: 2.4 ~ by   9
October, 2002 136 weight) (manufactured and sold by TANAKA TENSHA CO.,
LTD., Japan) was charged into a reactor equipped with a reflux condenser, a
thermometer and a stirrer. Subsequently, 23.4 g of the solution of compound
(1) ob 5 tained in Reference Example 1 was charged into the re actor over
approximately 30 minutes at 30 C while 



stirring, and the resultant mixture in the reactor was stirred for 10 hours
at 30 C to effect a reaction of TO-240 with compound (1) and modify the
Ti02 particles 10 of TO-240 to thereby obtain a sol containing modified
TiOz particles well dispersed therein, wherein the volume mean particle
diameter of the modified Ti02 particles was 17 nm. During the reaction of
TO-240 with compound (1), hydrogen gas was generated. The volume 15 of the
generated hydrogen gas was 67.5 ml as measured at 23 C. When the obtained
sol was allowed to stand still at 30 C for 100 days, the volume mean
particle diame ter of the modified TiOz particles was still as small 20 as
17 nm. Using the obtained sol, a transparent and smooth film was formed on
the surface of a glass plate in sub stantially the same manner as in
Example 1. The sur face of the film was evaluated by examining how the hy
25 drophilicity or hydrophobicity of the film surface was   9 October, 20O2
137 changed by UV irradiation. The surface of the film was also evaluated
with respect to the photocatalyst activ ity. The results are shown in Table
1. 5 Example 4 316 g of Jupiter F6-APS (trade name of a sol of anatase-type
titanium oxide (wherein the surface of each Ti02 particle dispersed in the
sol is modified with an apatite); volume mean particle diameter of par 10
ticles dispersed in the sol: 36 nm, TiOz content: 23.7 ~ by weight)
(manufactured and sold by Showa Denko K.K., Japan) was charged into a
reactor equipped with a reflux condenser, a thermometer and a stirrer.
Subse quently, 78 g of the solution of compound (1) obtained 15 in
Reference Example 1 was charged into the reactor over approximately 30
minutes at 30 C while stirring, and the resultant mixture in the reactor
was stirred - for 10 hours at 30 C to effect a reaction of Jupiter F6-APS
with compound (1) and modify the Ti02 particles 20 of Jupiter F6-APS to
thereby obtain a sol containing modified TiOz particles well dispersed
therein, wherein the volume mean particle diameter of the modified Ti02
particles was 61 nm. During the reaction of Jupiter F6-APS with compound
(1), hydrogen gas was generated. 25 The volume of the generated hydrogen
gas was 85.7 ml as 



9 October, 2002 138 measured at 23  C. An IR spectrum was obtained in
substantially the same manner as in Example 1. The obtained IR spectrum
showed that the absorption ascribed to a Ti-OH group of Ti02 particles in
Jupiter F6-APS disappeared, wherein the above-mentioned absorption had been
observed in the IR spectrum of T102 prior to the modification of the Ti02
particles. When the obtained sol was allowed to stand still 10 at 30 C for
100 days, the volume mean particle diame ter of the modified T102 particles
was still as small as 80 nm. Using the obtained sol, a transparent and
smooth film was formed on the surface of a glass plate in sub 15 stantially
the same manner as in Example 1. The surface of the film was evaluated by
examining how the hy drophilicity or hydrophobicity of the film surface was
- changed by UV irradiation. The surface of the film was also evaluated
with respect to the photocatalyst activ 20 ity. The results are shown in
Table 1. Example 5 100 g of STS-02 (trade name of a hydrochloric
acid-peptized sol of anatase-type~titanium oxide; volu 25 me mean particle
diameter of particles dispersed in the   9 October) 2002 139 sol: 18 nm,
TiOz content: 30 ~ by weight, average crys tallite diameter: 7 nm which is
a value described in the catalog, viscosity: 175 cps) (manufactured and
sold by Ishihara Sangyo Kaisha, Ltd., Japan) and 50 g of wa 5 ter were
charged into a reactor equipped with a reflux condenser, a thermometer and
a stirrer, and the resul taut mixture in the reactor was heated to 50 C
while stirring. Subsequently, 31 g of the solution of com pound (1)
obtained in Reference Example 1 was charged 10 into the reactor over
approximately 30 minutes at 50 C while stirring, and the resultant mixture
in the reacfor was stirred for 3 hours at 50 C to effect a reaction of
STS-02 with compound (1) and modify the TiOZ particles of STS-02 and, then,
cooled to room tempera 15 ture, to thereby obtain a sol containing modified
TiOz particles well dispersed therein, wherein the volume 



mean particle diameter of the modified Ti02 particles was 49 nm. During the
reaction of STS-02 with compound (1), hydrogen gas was generated. The
volume of the 20 generated hydrogen gas was 200 ml as measured at 24 C. An
IR spectrum was obtained in substantially the same manner as in Example 1.
The obtained IR spectrum showed that the absorption ascribed to a Ti-OH
group of TiOZ particles in STS-02 disappeared, wherein the 25
above-mentioned absorption had been observed in the IR   9 Octol~er~ 2002
140 spectrum of Ti02 prior to the modification of the Ti02 particles. 48 g
of butyl cellosolve was added to 44 g of the above-obtained sol at room
temperature (23 C) over ap 5 proximately 10 minutes while stirring, and the
resul tant mixture was subjected to evaporation under reduced pressure
using an evaporator so as to remove the water in the mixture. Subsequently,
an appropriate amount of butyl cellosolve was added to the mixture so that
the 10 solids content of the resultant mixture became 6 ~ by weight, to
thereby obtain an organosol comprising butyl cellosolve (as a dispersion
medium) having well disper sed therein modified Ti02 particles, wherein the
volume mean particle diameter of the modified Ti02 particles 15 was 53 nm.
When 10 g of the obtained organosol was diluted with 10 g of toluene and
allowed to stand still at room temperature for 6 months, the organosol was
stable and ,. there was no occurrence of an aggregation of the modi 20 f
ied Ti02 particles. On the other hand, using the obtained organosol, a
transparent and smooth film was formed on the surface of a glass plate in
substantially the same manner as in Example 1. The surface of the film was
evaluated by 25 examining how the hydrophilicity or hydrophobicity of   9
October, 2002 141 the film surf ace was changed by UV irradiation. The
surface of the film was also evaluated with respect to the photocatalyst
activity. The results are shown in Table 1. 5 Example 6 



300 g of Tinoc A-6 (which is the same as in Exam ple 1) was charged into a
reactor equipped with a re flux condenser, a thermometer and a stirrer.
Subse 10 quently, 8.8 g of the solution of compound (2) obtained in
Reference Example 2 was charged into the reactor over approximately 30
minutes at 30 C while stirring, and the resultant mixture in the reactor
was stirred for 24 hours at 30 C to effect a reaction of Tinoc A-6 15 with
compound (2) and modify the TiOz particles of Tinoc A-6 to thereby obtain a
sol containing modified TiOz particles well dispersed therein, wherein the
` volume mean particle diameter of the modified Ti02 particles was 48 nm.
During the reaction of Tinoc A-6 20 with compound (2), hydrogen gas was
generated. The volume of the generated hydrogen gas was 93 ml as meas ured
at 23  C . An IR spectrum was obtained in substantially the same manner as
in Example 1. The obtained IR spectrum 25 showed that the absorption
ascribed to a Ti-OH group of   9 October, 2002 142 Ti02 particles in Tinoc
A-6 disappeared, wherein the above-mentioned absorption had been observed
in the IR spectrum of TiOz prior to the modification of the TiOz particles.
Further, the IR spectrum also confirmed 5 that the cyclic acid anhydride
groups (derived from 5norbornene-2,3-dicarboxylic anhydride used for
producing compound (2)) were cleaved by ring-opening reaction. When the
obtained sol was allowed to stand still at 30 C for 100 days, the volume
mean particle diame 10 ter of the modified Ti02 particles was still as
small as 78 nm. Using the obtained sol, a transparent and smooth film was
formed an the surf ace of a glass plate in sub stantially the same manner
as in Example 1. The sur15 face of the film was evaluated by examining how
the hy drophilicity or hydrophobicity of the film surface was changed by UV
irradiation. The surface of the film was also evaluated with respect to the
photocatalyst activ ity. The results are shown in Table 2. 20 Example 7 300
g of Tinoc A-6 (which is the same as in Exam ple 1) was charged into a
reactor equipped with a reflux condenser, a thermometer and a stirrer.
Subse 25 quently, 19.7 g of the solution of compound (2) ob   9 October,
2002 143 tained in Reference Example 2 was charged into the reactor over
approximately 30 minutes at 30 C while stirring, and the resultant mixture
in the reactor was stirred for 24 hours at 30  C to effect a reaction of 



5 Tinoc A-6 with compound (2) and modify the Ti02 parti cles of Tinoc A-6
to thereby obtain a sol containing modified TiOz particles well dispersed
therein, wherein the volume mean particle diameter of the modified TiOZ
particles was 190 nm. During the reaction of Tinoc A-6 10 with compound
(2), hydrogen gas was generated. The volume of the generated hydrogen gas
was 72 ml as meas ured at 23  C . An IR spectrum was obtained in
substantially the same manner as in Example 1. The obtained IR spectrum 15
showed that the absorption ascribed to a Ti-OH group of Ti02 particles in
Tinoc A-6 disappeared, wherein the above-mentioned absorption had been
observed in the IR spectrum of Ti02 prior to the modification of the Ti02
particles. Further, the IR spectrum also confirmed that 20 the cyclic acid
anhydride groups (derived from 5-nor bornene-2,3-dicarboxylic anhydride
used for producing compound (2)) were cleaved by a ring-opening reaction.
When the obtained sol was allowed to stand still at 30 C for 100 days, the
volume mean particle diame 25 ter of the modified Ti02 particles was still
as small   9 October, 2002 J. 4 4 as 198 nm. Using the obtained sol, a
transparent and smooth film was formed on the surface of a glass plate in
sub stantially the same manner as in Example 1. The sur 5 face of the film
was evaluated by examining how the hy drophilicity or hydrophobicity of the
film surface was changed by UV irradiation. The surface of the film was
also evaluated with respect to the photocatalyst activity. The results are
shown in Table 2. 10 Reference Example 3 [preparation of a sol containing
flake-shaped Ti02 particles] 10 g of ST-21 (trade name of titanium oxide
pow der; average crystallite diameter: 20 nm which is a 15 value described
in the catalog) (manufactured and sold by Ishihara Sangyo Kaisha Ltd.,
Japan) and 7.2 g of ce sium carbonate were mixed together in a mortar. The
- resultant mixture was transferred to a covered platinum crucible, and
subjected to calcination by heating at 20 800 C for 30 minutes using an
electric furnace, to thereby decompose the carbonate salt. The resultant
calcination product was transferred to and ground in a mortar, and, then,
again calcined at 800 C for 40 hours to thereby obtain cesium titanate (
CsXTi~2_x/4~~a ) 



25 (x = 0.68) (orthorhombic crystalline powder).   9 October, 20O2 145 300
g of a 1 N aqueous hydrochloric acid solution was added to 9 g of the
obtained cesium titanate, and the resultant mixture was stirred at room
temperature f or 3 days. The resultant reaction mixture was fil 5 tered
(through a 5C filter paper) to thereby obtain a residue. The obtained
residue was washed with ion exchanged water, and the washed residue was
dried at 100 C for 3 hours to thereby obtain 5.1 g of titanic acid
(HXT1~2_x/4~~4'nH20) (x = 0.68) (crystalline powder), 10 in which cesium
ions in the above-obtained cesium ti tanate were replaced by hydrogen ions.
It is known that crystals of titanic acid have a lamellar structure. 1,000
g of a 0.1 mol/1 aqueous solution of tetrabutylammonium hydroxide was added
to 5 g of the ob 15 tained titanic acid, and the resultant mixture was
shaken at l50 rpm by means of a shaker, to thereby ob tain a sol containing
T102 particles (in the form of ` fine flakes), wherein the volume mean
particle diameter of the Ti02 particles was 110 nm. 20 Example 8 500 g of
the sol obtained in Reference Example 3 (containing flake-shaped Ti02
particles) was charged into a reactor equipped with a reflux condenser, a
25 thermometer and a stirrer. Subsequently, 5.8 g of the   9 October, 2002
146 solution of compound (1) obtained in Reference Example 1 was charged
into the reactor over approximately 30 minutes at 30 C while stirring, and
the resultant mixture in the reactor was stirred for 10 hours at 30 C 5 to
effect a reaction of the sol with compound (1) and modify the flake-shaped
TiOz particles of the sol to thereby obtain a sol containing modified Ti02
particles well dispersed therein, wherein the volume mean parti cle
diameter of the modified T102 particles was 120 nm. 10 During the reaction
of the sol with compound (1), hy drogen gas was generated. The volume of
the generated hydrogen gas was 13.7 ml as measured at 23 C. When the
obtained sol was allowed to stand still at 30 C for 100 days, the volume
mean particle diame 15 ter of the modified Ti02 particles was still as
small as 143 nm. 



Using the obtained sol, a transparent and smooth film was formed on the
surface of a glass plate in sub stantially the same manner as in Example 1.
The sur 20 f ace of the film was evaluated by examining how the hy
drophilicity or hydrophobicity of the film surface was changed by UV
irradiation. The surface of the film was also evaluated with respect to the
photocatalyst activity. The results are shown in Table 2. 25   9 October,
2002 147 Reference Example 4 (Synthesis of an Si-H group containing silicon
compound (3) which is self emulsiffable in water and has a ladder shaped
skeleton] 1,400 g of dioxane, 25.9 g of trichlorosilane and 5 51.6 g of
methyltrichlorosilane were charged into a re actor equipped with a ref lux
condenser, a thermometer and a stirrer, followed by stirring at room
temperature f or approximately 10 minutes. To the resultant mixture was
dropwise added a mixed solvent of 14.5 g of water 10 and 58 g of dioxane
over approximately 30 minutes while stirring and maintaining the
temperature at 25 to 30 C, followed by further stirring at 25 to 30 C for
approximately 30 minutes and, then, at 60 C for 3 hours, to thereby effect
a polycondensation reaction of the 15 silanes. The resultant reaction
mixture was cooled to 25 to 30 C, followed by addition of 65.5 g of
trimethylchlo rosilane. To the resultant was added a mixed solvent _w of
5.4 g of water and 22 g of dioxane over approxi 20 mately 30 minutes while
stirring and maintaining the temperature at 25 to 30 C, followed by further
stir ring at 25 to 30 C for approximately 2 hours, to thereby perform a
further polycondensation reaction. The resultant reaction mixture was taken
out of 25 the reactor and the solvent was distilled off at ap   9 October,
2002 148 proximately 60 C under reduced pressure, thereby ob taining an
Si-H group-containing silicon compound having a ladder shaped skeleton and
a weight average mo lecular weight of 3,900 (hereinafter referred to as a 5
"ladder type silicon compound"). The obtained ladder type silicon compound
was subjected to IR spectrometry. In the IR spectrum of this compound,
absorptions at 1,130 cm-1 and 1,050 cm`1, which are ascribed to the ladder
steeped skeleton) were observed. 10 0.4 g of the ladder type silicon
compound obtained above was dissolved in 8 g of butyl cellosolve, and,
then, 8 ml of a 1 N aqueous sodium hydroxide solution was added thereto, so
that hydrogen gas was generated, and the volume of the generated hydrogen
gas was 46.2 15 ml as measured at 24 C. The Si-H group content of the 



above-mentioned ladder type silicon compound, as calcu lated from the
volume of the generated hydrogen gas, " was 4.52 mmol per g of the
above-mentioned ladder type silicon compound. 20 Subsequently, 10 g of the
above-mentioned ladder type silicon compound and 20 g of tetrahydrofuran
were charged into a reactor equipped with a reflux condenser, a thermometer
and a stirrer, and the resultant mixture was stirred while maintaining the
temperature at 30 C. 25 To the resultant mixture was added 0.2 g of a 2.2 ~
by   9 October, 20O2 149 weight xylene solution of a
platinumdivinyltetramethyldisiloxane complex, and, then, a solotion
obtained by dissolving 1.5 g of Adeca Rea Soap SE-10N (trade name of a
compound represented by the 5 following formula (19): CH20CH2CH=CH2 C9H19
OCH2CH0(CH2CH20)ioS03NH4 ( 19 ) , 10 manufactured and sold by ASAHI DENKA
KOGYO K.K., Japan) in 13.5 g of tetrahydrofuran was added to the mixture
over approximately 2 hours while stirring and maintaining the temperature
at 30 C, followed by further stir 15 ring at 30 C for 3 hours, thereby
obtaining a solution of an Si-H group-containing silicon compound (3) which
is self-emulsifiable in water and has a ladder shaped ` skeleton
(hereinafter referred to simply as "compound ~.~' (3)n). 20 8 g of butyl
cellosolve was added to and mixed with 1.75 of the solution of compound
(3), and, then, 8 ml of a 1 N aqueous sodium hydroxide was added thereto,
so that hydrogen gas was generated, and the volume of the generated
hydrogen gas was 43.4 ml as measured at 25 22 C. The Si-H group content of
compound {3), as cal   9 October, 2002 150 culated from the volume of the
generated hydrogen gas, was 0.961 mmol per g of the solution of compound
(3) (approximately 4.35 mmol per g of compound (3)). 5 Reference Example 5
[Synthesis of an Si-H group containing silicon compound (4) which is self
emulsifiable in water and has a ladder shaped skeleton] 445 g of dioxane
and 25.9 g of methyltrichlorosi lane were charged into a reactor equipped
with a reflux 10 condenser, a thermometer and a stirrer, followed by
stirring at room temperature for approximately 10 minutes. To the resultant
mixture was dropwise added a mixed solvent of 4.7 g of water and 18.8 g of
dioxane over approximately 30 minutes while stirring and main 15 taining
the temperature at 25 to 30 C, followed by further stirring at 25 to 30 C
for approximately 30 minutes and, then, at 60 C for 3 hours, to thereby ef
` fact a polycondensation reaction. The resultant reaction mixture was
cooled to 25 to V, . 



20 30 C, followed by addition of 25.1 g of dimethylchlo rosilane. To the
resultant mixture was added a mixed solvent of 1.56 g of water and 6.24 g
of dioxane over approximately 30 minutes while stirring and maintaining the
temperature at 25 to 30 C, followed by further 25 stirring at 25 to 30 C
for approximately 2 hours, to   9 October, 2O02 151 thereby perform a
further polycondensation reaction. The resultant reaction mixture was taken
out of the reactor and the solvent was distilled off at ap proximately 60 C
under reduced pressure, thereby ob 5 taining an Si-H group-containing
silicon compound hav ing a ladder shaped skeleton and a weight average
molecular weight of 3,100 (hereinafter referred to as a "ladder type
silicon compound"). The obtained Si-H group-containing silicon compound was
subjected to IR 10 spectrometry. In the IR spectrum of this compound, ab
sorptions at 1,130 cm-1 and 1,050 cm-1, which are as cribed to the ladder
shaped skeleton, were observed. 0.44 g of the ladder type silicon compound
ob tained above was dissolved in 8 g of butyl cellosolve, 15 and, then) 8
ml of a 1 N aqueous sodium hydroxide solu tion was added thereto, so that
hydrogen gas was gener ated, and the volume of the generated hydrogen gas
was ` 40.9 ml as measured at 22 C. The Si-H group content of the
above-mentioned ladder type silicon compound, as 20 calculated from the
volume of the generated hydrogen gas, was 3.75 mmol per g of the
above-mentioned ladder type silicon compound. Subsequently, 10 g of the
above-mentioned ladder type silicon compound and 15 g of dioxane were
charged 25 into a reactor equipped with a reflux condenser, a   9 October,
2002 152 thermometer and a stirrer, and then, the temperature was elevated
to 80 C while stirring. Then, a solution obtained by dissolving 3 g of
Uniox MUS-8 (which is the same as used in Reference Example 1) and 0.1 g of
a 5 5 by weight isopropanol solution of hydrogen hexachloro platinate(IV)
hexahydrate in 2.25 g of dioxane was added to the mixture over
approximately one hour at 80 C while stirring, followed by further stirring
at 80 C for 2 hours and subsequent cooling to room tem 10 perature, thereby
obtaining a solution of an Si-H group-containing silicon compound (4) which
is selfemulsifiable in water and has a ladder shaped skeleton (hereinafter
referred to simply as "compound (4)"). 8 g of butyl cellosolve was added to
and mixed 15 with 1.42 g of the solution of compound (4), and, then, 8 ml
of a 1 N aqueous sodium hydroxide was added thereto, so that hydrogen gas
was generated, and the 



' volume of the generated hydrogen gas was 28.0 ml as ~~ri% measured at 22
C. The Si-H group content of the solu20 tion containing compound (4), as
calculated from the volume of the generated hydrogen gas, was 0.795 mmol
per g of the solution (4) (approximately 2.98 mmol per g of compound (4)).
25 Example 9   9 October, 2002 153 500 g of Tinvc A-6 (which is the same as
used in Example 1) was charged into a reactor equipped with a ref lux
condenser, a thermometer and a stirrer. Subse quently, 15 g of the solution
of compound (3) obtained 5 in Reference Example 4 was charged into the
reactor over approximately 30 minutes at 30 C while stirring, and the
resultant mixture in the reactor was stirred for 24 hours at 30 C to effect
a reaction of Tinoc A-6 with compound (3) and modify the T102 particles of
Ti 10 noc A-6 to thereby obtain a sol containing modified Ti02 particles
well dispersed therein, wherein the volume mean particle diameter of the
modified TiOz particles was 53 nm. During the reaction of Tinoc A-6 with
compound (3), hydrogen gas was generated. The 15 volume of the generated
hydrogen gas was 40 ml as meas ured at 23  C . Using the obtained sol) a
film was formed in the - same manner as in Example 1, and the formed film
was y subjected to spectrometry in substantially the same 20 manner as in
Example 1. The IR spectrum obtained by the spectrometry showed that the
absorption ascribed to the Ti-OH group of Ti02 particles in Tinoc A-6 disap
peared, wherein the above-mentioned absorption had been observed in the IR
spectrum of TiOz pr~.or to the modi 25 fication of the Ti02 particles.   9
October, 2002 154 When the obtained sol was allowed to stand still at 30 C
for 100 days, the volume mean particle diame ter of the modified T102
particles was still as small as 63 nm. 5 Using the obtained sol, a
transparent and smooth film was formed on the surface of a glass plate in
sub stantially the same manner as in Example 1. The sur 



face of the film was evaluated by examining how the hy drophilicity or
hydrophobicity of the film surface was 10 changed by UV irradiation. The
surface of the film was also evaluated with respect to the photocatalyst
activity. The results are shown in Table 2. Example 10 15 500 g of Tinoc
A-6 (which is the same as used in Example 1) was charged into a reactor
equipped with a reflux condenser, a thermometer and a stirrer. Subse
quently) 10.8 g of the solution of compound (4) obtained in Reference
Example 5 was charged into the re 20 actor over approximately 30 minutes at
30 C while stirring, and the resultant mixture in the reactor was stirred
for 8 hours at 30 C to effect a reaction of Tinoc A-6 with compound (4) and
modify the Ti02 particles of Tinoc A-6 to thereby obtain a sol containing
25 modified Ti02 particles well dispersed therein, wherein   9 October,
2002 155 the volume mean particle diameter of the modified Ti02 particles
was 29 nm. During the reaction of Tinoc A-6 with compound (4), hydrogen gas
was generated. Tha volume of the generated hydrogen gas was 100 ml as 5
measured at 2 3  C . Using the obtained sol, a film was formed in the same
manner as in Example 1, and the formed film was subjected to spectrometry
in substantially the same manner as in Example 1. The IR spectrum obtained
by 10 the spectrometry showed that the absorption ascribed to the Ti-OH
group of Ti02 particles in Tinoc A-6 disappeared, wherein the
above-mentioned absorption had been observed in the IR spectrum of Ti02
prior to the modi f ication of the Ti02 particles. 15 When the obtained sol
was allowed to stand still at 30 C for 100 days, the volume mean particle
diame ter of the modified Ti02 particles was still as small - as 30 nm.
Using the obtained sol, a transparent and smooth 20 film was formed on the
surface of a glass plate in sub stantially the same manner as in Example 1.
The surface of the film was evaluated by examining how the hy drophilicity
or hydrophobicity of the film surface was changed by UV irradiation. The
surface of the film was 25 also evaluated with respect to the photocatalyst
activ   9 October, 2002 156 ity. The results are shown in Table 2. Example
11 



50 g of Tinoc A-6 (which is the same as used in 5 Example 1) was charged
into a reactor equipped with a reflux condenser, a thermometer and a
stirrer. Subse quently, 6 g of AciplexTM-SS950 (trade name of a 5 ~ by
weight ethanol/water (weight ratio of ethanol to water - 1:1) solution of a
fluoro resin having a sulfonic 10 acid group, manufactured and sold by
Asahi Kasei Kogyo Kabushiki Kaisha, Japan) was charged into the reactor
over approximately 30 minutes at 30 C while stirring, and the resultant
mixture in the reactor was stirred for 8 hours at 30 C to cause adsorption
of AciplexTM_ 15 SS950 on Tinoc A-6 and modify the Ti.02 particles of Ti
noc A-6 to thereby obtain a sol containing modified TiOz particles well
dispersed therein, wherein the mean ` volume particle diameter of the
modified TiOZ particles i".. was 15 0 nm . 20 When the obtained sol was
allowed to stand still at 30 C for 100 days, the mean volume particle diame
ter of the modified Ti02 particles was still as small as 147 nm. Using the
obtained sol, a transparent and smooth 25 film was formed on the surface of
a glass plate in sub   9 October, 2002 157 stantially the same manner as in
Example 1. The surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity of the film surface was changed by UV
irradiation. The surface of the film was 5 also evaluated with respect to
the photocatalyst activ ity. The results are shown in Table 3. Example 12
150 g of the organosol obtained in Example 5 was 10 added to 100 g of
Bistrator-L NSC-200A (trade name of an organic solvent-based
silicone-acrylic coating agent (solids content: 20 ~ by weight)
(undercoating agent for a conventional coating agent containing a photo
catalyst), manufactured and sold by Nippon Soda Co., 15 Ltd., Japan) over
approximately 10 minutes at room temperature while stirring, thereby
obtaining a modified photocatalyst composition. ` The obtained modified
photocatalyst composition ~,a,>' was spray-coated on a glass plate in a
thickness of 30 20 ~.un. The coated glass plate was dried at room
temperaLure for a week, and then, at 50 C for 5 days, thereby forming a
transparent and smooth film on the surface of the glass plate. The surface
of the film was evaluated by examining how the hydrophilicity or
hydrophobicity 25 of the film surface was changed by UV irradiation. The
9 October, 20O2 



158 surface of the film was also evaluated with respect to the
photocatalyst activity. The results are shown in Table 3. 5 Comparative
Example 1 A transparent and smooth film was formed on the surface of a
glass plate in substantially the same man ner as in Example 12, except that
Histrator-L NSC-200A (which is the same as used in Example 12) alone was 10
used instead of the modified photocatalyst composition obtained in Example
12. The surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity of the film surface was changed by W
irradiation. The surf ace of the film was also evaluated 15 with respect to
the photocatalyst activity. The re suits are shown in Table 3. `
Comparative Example 2 To 250 g of Polydurex G633 (trade name of an aque 20
ous acrylic-silicone emulsion (solids content: 46 ~ by weight, pH: 8.8),
manufactured and sold by Asahi Kasei Kogyo Kabushiki Kaisha, Japan) was
added, as a filmforming auxiliary, 22.8 g of CS-12 (trade name of
2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, manu 25 factured and sold
by CHISSO Corporation, Japan} over 20   9 October, 2002 159 minutes at room
temperature while stirring. To the re sultant mixture, also as a
film-forming auxiliary 22.8 % of an aqueous solution of butyl cellosolve
(50 % by weight) was added over 20 minutes at room tempera 5 ture while
stirring, followed by further stirring at room temperature for 3 hours,
thereby obtaining an acrylic-silicone emulsion containing film-forming
auxiliary, wherein the solids content of the emulsion was 38.6 ~ by weight.
10 A transparent and smooth film was formed on the surface of a glass plate
in substantially the same manner as in Example 12) except that the
above-mentioned emulsion was used instead of the modified photocatalyst
composition obtained in Example 12. The surface of the 15 film was
evaluated by examining how the hydrophilicity or hydrophobicity of the film
surface was changed by UV irradiation. The surface of the film was also
evaluat ` ed with respect to the photocatalyst activity. The re sults are
shown in Table 3. 20 Example 13 75 g of the sol obtained in Example 6 was
added to 100 g of the acrylic-silicone emulsion containing film forming
auxiliary, which was obtained in~ Comparative 25 Example 2, over
approximately 10 minutes at room tem 



9 October, 2002 189 As can be seen from Fig. 3, in the film formed on the
surface of the OHP film, Ti02 particles were not present at the inside film
surf ace (in contact with the OHP film as a substrate), and the film formed
on the 5 surface of the OHP film had a distribution of TiOZ par ticles
wherein the concentration of Ti02 particles increases from the inside film
surface (in contact with the OHP film) toward the outside film surface
(opposite to the inside film surface in contact with the OHP 10 film) .
Further, the surface of the film formed on the surface of the OHP film was
evaluated with respect to the photocatalyst activity. The evaluation was
good ). 15 Example 19 19 g of the sol obtained in Example 18 was added - to
100 g of the aqueous acrylic-silicon emulsion (contanning a film-forming
auxiliary ) obtained in Compara 20 tive Example 2 over approximately 10
minutes at room temperature (23 C) while stirring, thereby obtaining a
modified photocatalyst composition. Using the obtained modified
photocatalyst composi tion, a smooth film was formed on the surface of an
OHP 25 film in substantially the same manner as in Example 18.   9 October,
2002 160 perature while stirring, thereby obtaining a modified
photocatalyst composition. Using the obtained modified photocatalyst
composition, a transparent and smooth film was formed on the 5 surface of a
glass plate in substantially the same man ner as in Example 12) The surface
of the film was evaluated by examining how the hydrophilicity or
hydrophobicity of the film surface was changed by UV irra diation. The
surface of the film was also evaluated 10 with respect to the photocatalyst
activity. The re suits are shown in Table 3. Comparative Example 3 A film
was formed on the surface of a glass plate 15 in substantially the same
manner as in Example 1, ex cept that a sol obtained by diluting 100 g of
STS-02 (which is the same as used in Example 5) with 50 g of ` water was
used instead of the modified photocatalyst 



sol obtained in Exmaple 1. However, since the formed 20 film was cracked,
it was impossible to evaluate the surface of the film by examining how the
hydrophilicity or hydrophobicity of the film surface was changed by UV
irradiation, and it was also impossible to evaluate the surface of the film
with respect to the photocatalyst 25 activity.   9 October, 2002 161 To 68
g of the obtained sol was added 100 g of bu tyl cellosolve over
approximately 10 nimutes at room temperature while stirring, and then,
water was dis tilled off under reduced pressure by means of an evapo 5
rator, thereby obtaining an organosol. However, the particles in the
obtained organosol was not stably dispersed in the liquid medium, and
precipitated. That is, it was impossible to obtain an organosol having an
excellent dispersibility. 10 Comparative Example 4 30 g of ST-01 (trade
name of an anatase-type titanium oxide powder; average crystallite
diameter: 7 nm which is a value described in the catalog) (manufac 15 tured
and sold by Ishihara Sangyo Kaisha, Ltd., Japan) and 120 g of water were
charged into a reactor equipped with a reflux condenser, a thermometer and
a stirrer, and the resultant mixture in the reactor was heated to =~x'~' 50
C while stirrin Subse uentl 31 g. q y, g of the solu20 tion of compound (1)
obtained in Reference Example 1 was charged into the reactor over
approximately 30 minutes at 50 C while stirring, and the resultant mix ture
in the reactor was stirred at 50 C for 3 hours, and then, cooled to room
temperature. The particles in 25 the resultant reaction mixture were
precipitated and   9 October, 2002 162 separated from the liquid phase,
wherein the volume mean particle diameter of the particles was 3 Eun or
more. To the resultant mixture was added 200 g of butyl 5 cellosolve, and
then, water was distilled off under re duced pressure by means of an
evaporator, thereby ob taining an organosol. However, the particles in the
obtained organosol was not stably dispersed in the liquid medium, and
precipitated. That is, it was impos 10 sible to obtain an organosol having
an excellent dis persibility. Therefore, it was impossible to form a film
on a glass plate using this organosol. 



Comparative Example 5 15 I00 g of STS-02 (trade name of a hydrochloric
acid-peptized sol of an anatase-type titanium oxide; volume mean particle
diameter: 18 nm, T102 content: 30 ~ by weight, average crystallite
diameter: 7 nm whi t , L.~.s' ch is a value described in the catalog)
(manufactured 20 and sold by Ishihara Sangyo Kaisha, Ltd., Japan) and 100 g
of water were charged into a reactor equipped with a reflux condenser, a
thermometer and a stirrer. Subsequently, a solution obtained by dissolving
7.5 g of methyltrimethoxysilane in 7.5 g of dioxane was 25 charged into the
reactor over approximately 30 minutes   9 October, 20O2 ls3 at 30 C while
stirring, and the resultant mixture in the reactor was further stirred at
30.C for 3 hours to effect a reaction of STS-02 with methyltrimethoxysilane
and modify the TiOz particles to thereby obtain a sol 5 containing
particles of modified titanium oxide (here inafter referred to as "modified
Ti02 particles")) wherein the volume mean particle diameter of the T102
particles was 900 nm. Using the obtained sol, a film was formed in the 10
same manner as in Example 1, and the formed film was subjected to
spectrometry in substantially the same manner as in Example 1. The IR
spectrum obtained by the spectrometry showed that the absorption ascribed
to the Ti-OH group of Ti02 particles in STS-02 became 15 small but did not
disappear, wherein the above mentioned absorption had been observed in the
IR spec trum of Ti02 prior to the modification of the TiOz particles. This
means that the Ti-OH group still remained - in STS-02 in a considerably
large amount. a~ 20 Using the obtained sol, a film was farmed on the
surface of a glass plate in substantially the same man ner as in Example 1.
However, only a film which is white turbid and has a large surf ace
roughness was obtwined. 25 When the obtained modified titanium oxide sol
was   9 Octoberz2002 164 allowed to stand still at 30 C for 2 months, the
sol was gelled. Therefore, it was impossible to evaluate the surface of the
film. 5 Comparative Example 6 200 g of Tinoc A-6 (which is the same as used
in 



Example 1) was charged into a reactor equipped with a ref lux condenser, a
thermometer and a stirrer. Subse quently, a solution obtained by dissolving
3 g of meth10 yltrimethoxysilane in 3 g of dioxane was charged into the
reactor over approximately 30 minutes at 30 C while stirring, and the
resultant mixture in the reac for was stirred for 3 hours at 30 C to effect
a reac tion of Tinoc A-6 with methyltrimethoxysilane and modi 15 fy the
Ti.02 particles of Tinoc A-6 to thereby obtain a sol containing modified
Ti02 particles, wherein the volume mean particle diameter of the modified
Ti02 par ticles was 1 Vim. ,< Using the obtained sol, a film was formed in
the ..,. , 20 same manner as in Example 1, and the formed film was
subjected to spectrometry in substantially the same manner as in Example 1.
The IR spectrum obtained by the spectrometry showed that the absorption
ascribed to the Ti-OH group the TiOz particles of Tinoc A-6 became 25 small
but did not disappear) wherein the above   9 October, 2002 165 mentioned
absorption had been observed in the IR spec tram of TlOz prior to the
modification of the T102 partitles. This means that the Ti-OH group
remained in Tinoc A-6 in a considerably large amount. 5 When the obtained
modified titanium oxide sol was allowed to stand still at 30 C for one
week, the sol was gelled. Therefore, it was impossible to evaluate the
surface of the film. 10 Comparative Example 7 100 g of STS-02 (which is the
same as used in Ex ample 5) was charged into a reactor equipped with a re f
lax condenser, a thermometer and a stirrer. Subse quently, 6 g of
Acciplex-SS950TM (which is the same as 15 used in Example 11) was charged
into the reactor over approximately 30 minutes at 30 C while stirring, and
the resultant mixture in the reactor was stirred at 30 C fox 8 hours to
cause adsorption of AciplexTM SS950 on STS-02 and modify the Ti02 particles
of STS-02 20 to thereby obtain a sol containing modified Ti02 parti cles,
wherein the volume mean particle diameter of the modified TiOz particles
was 3 Eun or more. Since the obtained modified titanium oxide sol gradually
precipitated with time, it was impossible to 25 spray-coat the sol. 



9 October, 2002 166 Table 1 (The hydrophilicity or hydrophobility of the
film surface before and after the UV irradiation, and the photocatalyst
activity) 5 Evaluation itemExampleExampleExampleExampleExample12345Contact
angle ofwater 3~ 20~ 4 6 33(before the ir-radiation)Contact angle
ofr09511403(one day afterthe irradiation)Contact angle ofwater 0 0. Q 0 0(3
days afterthe irradiation)Photocatalystactivit (The hydrophilicity or face
before and after 10 tocatalyst activity) Table 2 hydrophobility of the W
irradiation, the film surand the pho Evaluation
itemExampleExampleExampleExampleExample678910Contact angle
of9818341732(before the ir-radiation)Contact angle ofwater 0 43 4 0 0(one
day afterthe irradiation)Contact angle ofwater00000( 3 days afterthe
irradiation)Photocatalystactivity   9 October. 2002 ls~ Table 3 (The
hydrophilicity or hydrophobility of the film surface before and after the
UV irradiation, and the photocatalyst activity) 5 Evaluation it
emExampleExampleCompara-Compara-Example1112tivetive13ExampleExample12Contac
t angle of6~84958995(before the ir-radiation)Contact angle ofwater S5 96 96



89 84(one day afterthe irradiation)Contact angle ofwater    (3 days
after65694898the irradiation)Photocatalyst~OXX~Oactivity   9 October, 2002
168 Reference Example 6 [Synthesis of an Si-H group containing silicon
compound {5) having a keto group] 500 g of dioxane and 500 g of KF9901
(which is the 5 same as used in Reference Example 1) were charged into a
reactor equipped with a reflux condenser, a thermome ter and a stirrer, and
the resultant mixture in the re actor was heated to 60 C while stirring.
16.3 g of a 0.25 % by weight dioxane solution of 10
dichloro(dicyclopentadienyl)platinum (II) was charged into the reactor, and
then, a solution obtained by dissolving 250 g of Uniox MUS-8 (which is the
same as used in Ref erence Example 1) in 250 g of dioxane was charged into
the reactor over approximately 30 minutes at 60 C 15 while stirring. The
resultant mixture in the reactor was stirred at 60 C for 30 minutes.
Subsequently, a solution obtained by dissolving 100 g of 5-hexen-2-one ` in
100 g of dioxane was charged into the reactor for approximately 30 minutes
at 60 C while stirring, and 20 the resultant mixture in the reactor was
stirred for one hour at 60 C, thereby obtaining a solution of an Si-H
group-containing silicon compound (5) having a ke to group (hereinafter
referred to simply as "compound (5)..). _ 25 When 100 g of water was added
to 4 g of the ob   9 October, 2002 169 tained solution of compound (5), the
resultant aqueous mixture was a dispersion which was slightly white tur
bid. On the other hand, 8 g of butyl cellosolve was 5 added to and mixed
with 0.89 g of the solution of com pound (5), and, then, 8 ml of a 1 N
aqueous sodium hydroxide solution was added thereto, so that hydrogen gas
was generated, and the volume of the generated hydrogen gas was 27.2 ml as
measured at 23 C. The Si-H 



10 group content of compound (5), as calculated from the volume of the
generated hydrogen gas, was 1.2 mmol per g of the solution of compound (5)
(approximately 4.1 mmol per g of KF9901). 15 Reference Example 7 [Synthesis
of an Si-H groupcontaining silicon compound (6) having a methacryloyl
group] ` 100 g of dioxane and 100 g of KF9901 (which is the same as used in
Reference Example 1) were charged into 20 a reactor equipped with a reflux
condenser, a thermome ter and a stirrer, and the resultant mixture in the
re actor was heated to 60 C while stirring. 5 g of a 0.25 ~ by weight
dioxane solution of dichloro(dicyclopentadienyl)platinum(II) was charged
into 25 the reactor, and then, a solution obtained by dissolv   9 October,
2002 17o ing 50 g of Uniox MUS-8 (which is the same as used in Reference
Example I) in 50 g of dioxane was charged into the reactor over
approximately one hour at 60 C while stirring. Subsequently, a solution
obtained by 5 dissolving 20 g of allyl methacrylate and 0.01 g of 4
methoxyhydroquinone (polymerization inhibitor) in 20 g of dioxane was
charged into the reactor fox approximately 30 minutes at 60 C while
stirring, and the resultant mixture in the reactor was further stirred for
7_0 one hour at 60 C, thereby obtaining a solution of an Si-H
group-containing silicon compound (6) having a methacryloyl group
(hereinafter ref erred to simply as "compound (6)"). When 100 g of water
was added to 4 g of the ob 15 tained solution of compound (6)) the
resultant aqueous mixture was a dispersion which was slightly white turbid.
On the other hand, 8 g of butyl cellosolve was added to and mixed with 1.25
g of the solution of com20 pound (6), and, then, 8 ml of a 1 N aqueous
sodium hy droxide solution was added thereto, so that hydrogen gas was
generated, and the volume of the generated hydrogen gas was 42.0 ml as
measured at 23 C. The Si-H group content of compound (6), as calculated
from the 25 volume of the generated hydrogen gas, was 1.3 mmol per   9
October, 2002 m1 g o.f the solution of compound (1) (approximately 4.6 mmol
per g of KF9901).   9 October, 2002 172 Reference Example 8 [Preparation of
an emulsion of a silicone-modified polymer having a keto group) 8 g of
methacrylic acid, 3 g of diacetone acrylami_de, 34 g of methyl
methacrylate, 40 g of butyl 5 acrylate, 15 g of cyclohexyl methacrylate,
300 g of water and 20 g of a 20 ~ by weight aqueous solution of Latemul
S-180A (trade name of ammonium salt of a sulfosuccinic diester having, in a
molecule thereof, a double bond copolymerizable with an ethylenically
unsatu 10 rated monomer) (manufactured and sold by Kao Corp.) Ja pan) were
charged into a reactor equipped with a stirrer, a reflux condenser and a
thermometer and provided with two dropping funnel-like vessels for dropwise
feeding (hereinafter referred to as "dropping vessels"). 



15 The internal temperature of the reactor was elevated to 78 C.
Subsequently, 0.5 g of ammonium persulfate was charged into the reactor,
and the resultant mixture in the reactor was stirred at 78 C for one hour,
thereby obtaining a seed latex. The seed latex had a pH value 20 of 1.8. To
the obtained seed latex in the reactor was added a solution containing 3 g
of methacrylic acid, 12 g of diacetone acrylamide, 165 g of methyl
methacrylate, 160 g of butyl acrylate, 60 g of cyclohexyl methacryl 25 ate,
330 g of water, 20 g of a 20 ~ by weight aqueous   9 October, 20O2 173
solution of Latemul S-180A and 1.0 g of ammonium per sulfate, and another
solution containing 2.5 g of ^rmethacryloxypropyltrimethoxysilane, 25 g of
dimethyldi methoxysilane and 25 g of methyltrimethoxysilane, 5 wherein the
two solutions were separately charged into the reactor through respective
dropping vessels at 80 C over 3 hours while stirring. After the dropwise
addition of the two solutions, the internal temperature of the reactor was
elevated to 10 85 C, and the contents of the reactor were stirred for 6
hours and, then, cooled to room temperature, to thereby obtain a reaction
mixture. The pH value of the reaction mixture in the reactor was measured
and found to be 2.1. 15 A 25 ~ by weight aqueous ammonia solution was
charged into the reactor so as to adjust the pH value of the reaction
mixture to 8. Then, the reaction mix ` ture was filtered through a wire
mesh (100-mesh size) to remove aggregates from the reaction mixture,
thereby 20 obtaining an emulsion. The amount of the aggregates was as small
as 0.02 ~ by weight, in terms of the weight percentage of the dried
aggregates, based on the total weight of the monomers used. The obtained
emulsion had a solids content of 25 44.0 ~ by weight, and the volume mean
particle diameter   9 October, 20O2 174 of the particles in the emulsion
was 128 pm. Reference Example 9 (Preparation of an aqueous solution of a
semicarbazide~ derivative) 5 230 g of isopropanol and 20 g of hydrazine
monohy drate were charged into a reactor equipped with a reflux condenser,
a thermometer and a stirrer at room temperature. A solution of 42 g of
Duranate 24A (trade name of 



10 a biuret type polyisocyanate; NCO content: 23.3 ~ by weight)
(manufactured and sold by Asahi Kasei Kogyo Kabushiki Kaisha, Japan) in 168
g of tetrahydrofuran was charged into the above-mentioned reactor over
approximately one hour at 40 C while stirring, and the resul 15 taut
mixture in the reactor was stirred at 40 C for 3 hours, thereby obtaining a
reaction mixture. Tetrahydrofuran, hydrazine, water and the like were
removed from the obtained reaction mixture by dis tillation under reduced
pressure, and an appropriate 20 amount of water was added to the resultant
mixture, to thereby obtain an aqueous solution of a semicarbazide
derivative (solids content of the solution: 30 ~ by weight). 25 Example 14
9 October, 2002 175 300 g of Tinoc A-6 (which is the same as used in
Example 1) was charged into a reactor equipped with a reflux condenser, a
thermometer and a stirrer. Subse quently, 15.3 g of the solution of
compound (5) ob 5 tained in Ref erence Example 6 was charged into the re
actor over approximately 30 minutes at 30 C while stirring, and the
resultant mixture in the reactor was stirred at 30  C for 5 hours to effect
a reaction of Tinoc A-6 with compound (5) and modify the Ti02 parti 10 cles
of Tinoc A-6 to thereby obtain a sol containing modified Ti02 particles
well dispersed therein, wherein the volume mean particle diameter of the
modified Ti02 particles was 18 nrn. During the reaction of Tinoc A-6 with
compound (5), hydrogen gas was generated. The 15 volume of the generated
hydrogen gas was 122 ml as measured at 23  C . An IR spectrum was obtained
in substantially the - same manner as in Example 1. The obtained IR
spectrum showed that the absorption ascribed to a Ti-OH group of 20 T102
particles in Tinoc A-6 disappeared, wherein the above-mentioned absorption
had been observed in the IR spectrum of TiOz prior to the modification of
the Ti02 particles. When the obtained sol was allowed to stand still 25 at
30 C for 100 days, the volume mean particle diame   9 October, 2002 



176 ter of the modified T102 particles was still as small as 23 nm. On the
other hand, 11.3 g of the aqueous solution of a semicarbazide derivative
(obtained in Reference 5 Example 9) was added to 200 g of the emulsion of a
silicon-modified polymer having a keto group (obtained in Reference Example
8) over approximately 20 minutes at room temperature while stirring,
thereby obtaining a mixture. 10 To the obtained mixture was added 230 g of
the above-mentioned sol over approximately 30 minutes at room temperature
while stirring, and the resultant mix ture was stirred at room temperature
for 3 hours, thereby obtaining a modified photocatalyst composition. 15
Using the obtained modified photocatalyst composi tion, a transparent and
smooth film was formed on the surface of a glass plate in substantially the
same manner as in Example 12. The surface of the film was evaluated with
respect to the photocatalyst activity. 20 The evaluation was good (~). The
retention ratio of the weight of the film after immersion in acetone was 97
~, which shows that the film had an excellent sol vent resistance. 25
Example 15   9 October, 2002 177 100 g of STS-02 (which is the same as used
in Ex ample 5) and 50 g of water were charged into a first reactor equipped
with a reflux condenser, a thermometer and a stirrer. Subsequently, 26 g of
the solution of 5 compound (6) obtained in Reference Example 7 was charged
into the first reactor over approximately 30 minutes at 30 C while
stirring, and the resultant mix ture in the first reactor was stirred at 30
C for 7 hours to effect a reaction of STS-02 with compound (6) 10 and
modify the TiOz particles of STS-02, to thereby ob tain a sol containing
modified Ti02 particles well dispersed therein, wherein the volume mean
particle diameter of the modified Ti02 particles was 38 nm. During the
reaction of STS-02 with compound (6), hydrogen gas 15 was generated. The
volume of the generated hydrogen gas was 240 ml as measured at 24 C. An IR
spectrum was obtained in substantially the same manner as in Example 1. The
obtained IR spectrum showed that the absorption ascribed to a Ti-OH group
of 20 Ti02 particles in STS-02 disappeared, wherein the 



above-mentioned absorption had been observed in the IR spectrum of Ti02
prior to the modification of the TiOz particles. 100 g of the
above-mentioned sol, 353 g of water 25 and 2 g of Adeca Rea soap SE-1025N
(trade name of a   9 October, 2002 178 25 a aqueous solution of a surf
actant; manufactured and sold by ASAHI DENKA KOGYO K.K., Japan) were
charged into a second reactor equipped w~.th a stirrer, a reflux condenser,
a dropping vessel and a thermometer. The 5 internal temperature of the
second reactor was elevated to 80 C. Subsequently, a solution containing 6
g of methacrylic acid, 61 g of butyl acrylate, 70 g of methyl methacrylate,
1.2 g of acrylamide, 80 g of water, 2.7 g of Adeca Rea soap SE-1025N, 1.4 g
of sodium p 10 styrenesulfonate and 0.5 g of ammonium persulfate was
dropwise added through the dropping vessel to the secand reactor at 80 C
over 2 hours while stirring. After the addition of the solution, the
resultant mixture in the second reactor was stirred at 80 C for 15 2 hours
and, then, cooled to room temperature. A 25 ~ aqueous ammonia solution was
charged into the second reactor so as to adjust the pH value of the mixture
in the second reactor to 8. The resultant mixture was filtered through a
wire mesh (100-mesh size) so as to 20 remove aggregates from the mixture,
thereby obtaining a modified photocatalyst composition (a modified
photocatalyst-acrylic composite emulsion). The modified photocatalyst
composition had a solids content of 23.4 ~ by weight, and the volume mean
particle diameter 25 of particles in the composition was 95 nm.   9
October) 2002 179 Using the obtained modified photocatalyst composi tion, a
transparent and smooth film was formed on the surface of a glass plate in
substantially the same man ner as in Example 12. The surface of the film
was 5 evaluated with respect to the photocatalyst activity. The evaluation
was good Reference Example 10 {Synthesis of silicon compound (7) containing
an Si-H group, which is self-emulsifiable in 10 water] 50 g of dioxane and
50 g of HMS-301-100GM (which is the same as used in Reference Example 2)
were charged into a reactor equipped with a reflux condenser, a thermometer
and a stirrer, and the resultant mixture 15 in the reactor was heated to 80
C while stirring. On the other hand, 25 g of Uniox MUS-8 (which is the same
as used in Reference Example 1) and 0.53 g of a 5 ~ by weight isopropanol
solution of hydrogen hexa chloroplatinate(IV) hexahydrate were dissolved in
62.5 20 g of dioxane . The resultant solution was charged into the reac 



for containing the above-mentioned mixture over ap proximately one hour at
80 C while stirring, and the resultant mixture in the reactor was stirred
at 80 C 25 for 2 hours and, then, cooled to room temperature,   9 October,
2002 18o thereby obtaining a solution of silicon compound (7) containing an
Si-H group (hereinafter, referred to sim ply as "compound (7)"). When 100 g
of water was added to 4 g of the above 5 obtained solution of compound (7),
the resultant aque ous mixture was in the form of a dispersion which is
slightly white turbid. On the other hand, 8 g of butyl cellosolve was added
to and mixed with 2.23 g of the solution of com 10 pound (7), and, then, 8
ml of a 1 N aqueous sodium hy droxide solution was added thereto, so that
hydrogen gas was generated. The volume of the generated hydrogen gas was
45.2 ml as measured at 21 C. The Si-H group content of compound (7), as
calculated from the 15 volume of the generated hydrogen gas, was 0.825 mmol
per g of the solution of compound (7) (approximately 3.1 mmol per g of
HMS-301-100GM). Reference Example 11 (Synthesis of an Si-H group 20
containing silicon compound (8) which is self emulsif iable in water and
has a fluoroalkyl group) 50 g of methyl ethyl ketone and 50 g of HMS-301
100GM (which is the same as used in Reference Example 2) were charged into
a reactor equipped with a reflux 25 condenser, a thermometer and a stirrer,
and the resul   9 October, 2002 1a1 tent mixture in the reactor was heated
to 60 C while stirring. Then) 1.6 g of a 0.25 ~ by weight dioxane solution
of dichloro(dicyclopentadienyl)platinum(II) was charged into the reactor to
obtain a mixture. 5 On the other hand, 25 g of Uniox MUS-8 (which is the
same as used in Reference Example 1) was dissolved in 25 g of methyl ethyl
ketone. The resultant solution was charged into the reac for containing the
above-mentioned mixture over ap 



10 proximately 30 minutes at 60 C while stirring, and the resultant mixture
in the reactor was stirred at 60 C for 30 minutes to obtain a mixture. 10 g
of perfluoroctylethylene and 1.1 g of a 0.25 ~ by weight dioxane solution
of dichloro(dicyclo 15 pentadienyl)platinum(II) were dissolved in 10 g of
methyl ethyl ketone, and the resultant solution was added to the
above-obtained mixture over approximately one hour at 60 C while stirring,
and the resultant mixture in the reactor was stirred at 60 C for 8 hours 20
and, then, cooled to room temperature, thereby obtain ing a solution of an
Si-H group-containing silicon com pound (8) having a fluoroalkyl group
(hereinafter referred to simply as "compound (8)"). When 100 g of water was
added to 4 g of the above 25 obtained solution of compound (8), the
resultant aque   9 October, 2002 lsz ous mixture was in the form of a
dispersion which is slightly white turbid. On the other hand, 8 g of butyl
cellosolve was added to and mixed with 1.094 g of the solution of com 5
pound (8), and, then, 8 ml of a 1 N aqueous sodium hy droxide solution was
added thereto, so that hydrogen gas was generated. The volume of the
generated hydro gen gas was 25.5 ml as measured at 17 C. The Si-H group
content of compound (8), as calculated from the 10 volume of the generated
hydrogen gas, was 0.962 mmol per g of the solution of compound (8)
(approximately 3.31 mmol per g of HMS-301-100GM). Ref erence Example 12
(Measurement of the surf ace energy 15 of a film prepared from an organic
solvent type acrylic coating agent) Pla-ace (trade name of an organic
solvent-dissolved acrylic coating agent; solids content: 50 ~ by weight)
(manufactured and sold by MUSASHI PAINT CO., 20 LTD., Japan) was cast on a
glass plate in a thickness of 20 um. The glass plate having cast thereon
Pla-ace was dried at room temperature for 2 days, followed by heat drying
at 50 C for 3 days, thereby forming a transparent and smooth film on the
surface of the glass 25 plate.   9 October. 2002 



183 The contact angle of water against the surface of the film was 84 as
measured at 20  C. The surface energy of the film was 35.5 dyn/cm at 20 C,
as calculat ed from the contact angle using the Sell and Neumann's 5
empirical formula. Reference Example 13 (Measurement of the surface energy
of an aqueous acrylic-silicone resin emulsion) Using the aqueous
acrylic-silicone emulsion (con 10 taining a film-forming assistant)
prepared in Compara tive Example 2, a transparent and smooth film was
formed on the surface of a glass plate in substantially the same manner as
in Reference Example 12. The contact angle of water against the surface of
15 the film was 89 as measured at 20  C. The surface en ergy of the film
was 3Z.5 dyn/cm at 20 C, as calculat ed from the contact angle using the
Sell and Neumann's - empirical formula. 20 Example 17 400 g of Tinoc A-6
(which is the same as used in Example 1) and 10.3 g of the solution of
compound (7) obtained in Reference Example 10 were charged into a reactor
equipped with a reflux condenser, a thermometer 25 and a stirrer over
approximately 30 minutes at room   9 October, 20O2 184 temperature (30 C)
while stirring, and the resultant mixture in the reactor was stirred at 30
C for 3 hours to effect a reaction of Tinoc A-6 with compound (7) and
modify the Ti02 particles of Tinoc A-6 to thereby ob 5 tain a sol
containing modified Ti02 particles well dis persed therein, wherein the
volume mean particle diame ter of the modified Ti02 particles was 17 nm.
During the reaction of Tinoe A-6 with compound (7), hydrogen gas was
generated. The volume of the generated hydro 10 gen gas was 80 ml as
measured at 16 C. An IR spectrum was obtained in substantially the same
manner as in Example 1. The obtained IR spectrum showed that the absorption
ascribed to a Ti-OH group of Ti02 particles in Tinoc A-6 disappeared,
wherein the 15 above-mentioned absorption had been observed in the IR
spectrum of TiOZ prior to the modification of the TiOz particles. 100 g of
butyl cellosolve was added to 100 g of the obtained sol aver approximately
10 minutes at room 20 temperature (23 C) while stirring and, then, water
was removed from the resultant mixture under reduced pres sure by means of
an evaporator. Subsequently, an appropriate amount of butyl cellosolve was
added to the mixture so that the solids content of the mixture be 25 came
5.8 ~ by weight, thereby obtaining an organosol   9 Octoher) 20O2 185
containing particles well dispersed therein, wherein the volume mean
particle diameter of the particles was 25 nm. The obtained organosol was
spray-coated on a glass 



5 plate in a thickness of 2 pm. The coated glass plate was dried at 50 C
for one week, thereby forming a transparent and smooth film on the surface
of the glass plate. The contact angle of water against the surf ace of 10
the film was 95.6 as measured at 20 C. The surface energy of the film was
26.5 dyn/cm at 20 C, as calcu lated from the contact angle using the Sell
and Neu mann's empirical f_orrnula. 20 g of the organosol was added to
Pla-ace (which 15 is the same as used in Reference Example 12) over
approximately 10 minutes at room temperature while stirring, thereby
obtaining a modified photocatalyst compo` sition. The modified
photocatalyst composition was casted 20 on an OHP film in a thickness of 20
pm. The casted OHP film was dried at room temperature for 2 days, followed
by heat drying at 50 C for 3 days, thereby forming a smooth film on the
surface of the OHP film. The distribution of titanium atoms in a cross 25
section of the film formed on the surface of the OHP   9 October, 2002 186
film was measured by means of an energy-dispersive X ray spectrometer. The
result of the measurement is shown in Fig. 2. As can be seen from Fig. 2,
in the film formed on 5 the surf ace of the OHP film, T102 particles were
not present at the inside film surface (in contact with the OHP film as a
substrate), and the film formed on the surface of the OHP film had a
distribution of TiOz par ticles wherein the concentration of Ti02 particles
in10 creases from the inside film surface (in contact with the OHP film)
toward the outside film surface (opposite to the inside film surf ace in
contact with the OHP film) . Further, the surface of the film formed on the
15 surf ace of the OHP film was evaluated with respect to the photocatalyst
activity. The evaluation was good ). Example 18 20 300 g of Tinoc A-6
(which is the same as used in Example 1) and 15.5 g of the solution of
compound (8) obtained in Reference Example 11 were charged into a reactor
equipped with a reflux condenser, a thermometer and a stirrer over
approximately 30 minutes at room 25 temperature (30 C) while stirring, and
the resultant  



9 October, 20O2 187 mixture in the reactor was stirred at 30 C for 5 hours
to effect a reaction of Tinoc A-6 with compound (8) and modify the Ti02
particles of Tinoc A-6 to thereby ob twin a sol containing modified T102
particles well dis 5 persed therein, wherein the volume mean particle diame
ter of the modified Ti02 particles was 30 nm. During the reaction of Tinoc
A-6 with compound (8), hydrogen gas was generated. The volume of the
generated hydrogen gas was 140 ml as measured at 16 C. 10 An IR spectrum
was obtained in substantially the same manner as in Example 1. The obtained
IR spectrum showed that the absorption ascribed to a Ti-OH group of Ti02
particles in Tinoc A-6 disappeared, wherein the above-mentioned absorption
had been observed in the IR 15 spectrum of Ti02 prior to the modification
of the Ti02 particles. 100 g of butyl cellosolve was added to 100 g of the
obtained sol over approximately 10 minutes at room temperature (23 C) while
stirring and, then, the water 20 was removed from the resultant mixture
under reduced pressure by means of an evaporator, thereby obtaining a
mixture. Subsequently, an appropriate amount of butyl cellosolve was added
to the obtained mixture so that the solids content of the resultant mixture
became 25 7.1 ~ by weight, thereby obtaining an organosol com   9 October,
2002 188 prising butyl cellosolve (as a dispersion medium) con taining
particles well dispersed therein. Using the obtained organosol, a
transparent and smooth film was formed on the surface of a glass plate 5 in
substantially the same manner as in Example 17. The contact angle of water
against the surface of the f ilm was 106 . 0 as measured at 20  C . The
surf ace energy of the film was 19.2 dyn/cm at 20 C, as calculated from the
contact angle using the Sell and Neu 10 mann's empirical formula. 20 g of
the organosol was added to 100 g of Pla-ace (which is the same as used in
Reference Example 12) over approximately 10 minutes at room temperature (23
C) while stirring, thereby obtaining a modified 15 photocatalyst
composition. The modified photocatalyst composition was carted on an OHP
film in a thickness of 20 pm. The carted OHP film was dried at room
temperature for 2 days, followed by heat drying at 50 C f or 3 days,
thereby forming a 20 smooth film on the surface of the OHP film. The
distribution of titanium atoms in a cross 



section of the film formed on the surface of the OHP film was measured by
means of an energy-dispersive X ray spectrometer. The result of the
measurement is 25 shown in Fig. 3.   Q 9 October, 2002 190 The distribution
of titanium atoms in a crosssection of the film formed on the surface of
the OHP film was measured by means of an energy-dispersive Xray
spectrometer. The result of the measurement showed 5 that the film formed
on the surface of the OHP film had a distribution of Ti02 particles wherein
the concentra tion of Ti02 particles increases from the inside film surface
(in contact with the OHP film) toward the outside film surface (opposite to
the inside film surface 10 in contact with the OHP film). Further, the
surface of the film formed on the surface of the OHP film was evaluated
with respect to the photocatalyst activity. The evaluation was good ). 15
Comparative Example 8 Using Pla-ace (which is the same as used in Reference
Example 12), a smooth film was formed on the surface of an OHP film in
substantially the same manner as 20 in Example 18. However, no
photocatalyst activity was observed at the surface of the formed film,
i.e., the evaluation was "X. 25 Comparative Example 9   9 October, 20O2 191
KS-247 (trade name of an organosol of anatase-type titanium oxide; volume
mean particle diameter of parti cles dispersed in the organosol: 6 nm which
is a value described in the catalog, micell diameter: 30 to 60 nm 5 which
is a value described in the catalog, solids con tent: 15 ~ by weight)
(manufactured and sold by TAYCA CORP., Japan) was spray-coated on a
glass~plate in a thickness of 0.5 um. The coated glass plate was dried at
50 C for one week, thereby forming a film on the 10 surface of the glass
plate. The contact angle of water against the surf ace of the film was 69.8
as measured at 20 C. The surface energy of the film was 48.0 dyn/cm at 20
C, as calcufated from the empirical formula of Sell-Neumann. 15 8 g of the
above-mentioned KS-247 was added to 100 g of Pla-ace (which is the same as
used in Reference Example 12) over approximately 10 minutes at room
temperature (23 C) while stirring, thereby obtaining a composition. Using
the obtained composition, a smooth 20 film was formed on the surface of an
OHP film in sub stantially the same manner as in Example 18. 



The distribution of titanium atoms in a cross section of the film formed on
the surface of the OHP film was measured by means of an energy-dispersive X
25 ray spectrometer. The results of the measurement   9 October, 2O02 192
showed that the titanium atoms exhibited a random dis tribution and that
the Ti02 particles.did not exhibit a distribution in which the
concentration of the Ti02 particles increases from the inside film surface
toward 5 the outside film surface (remote from the OHP film). Further, the
surface of the formed film was evalu ated with respect to the photocatalyst
activity. The evaluation was poor (i.e., "X" or "O"). 10 Comparative
Example 10 30 g of ST-O1 (which is the same as used in Com parative Example
4) and 120 g of toluene were charged into a reactor equipped with a reflux
condenser, a thermometer and a stirrer, and the resultant mixture in 15 the
reactor was heated to 50 C while stirring. How ever, in the liquid medium
of the mixture, the particles were not dispersed but precipitated, so that
no sol was formed. Subsequently) 12.9 g of the solution of compound 20 (7)
obtained in Reference Example 10 was charged into the reactor over
approximately 30 minutes at 50 C while stirring, and the resultant mixture
in the reac for was stirred at 50  C for 3 hours to effect a reac tion of
ST-O1 with compound (7) and modify the Ti02 25 particles of ST-O1 to
thereby obtain a modified photo   9 October, 2002 193 catalyst dispersion.
During the reaction of ST-O1 with compound (7), hydrogen gas was generated.
The volume of the generated hydrogen gas was 70 ml as measured at 19 C. The
obtained modified photocatalyst dispersion 5 was an unstable dispersion
wherein the dispersion state of the modified photocatalyst particles was
unable to be maintained and the particles precipitated with the lapse of
time. The modified photocatalyst dispersion was placed 10 under reduced
pressure at 50 C to remove the liquid medium from the modified
photocatalyst dispersion, thereby obtaining a powder of a modified titanium
oxide. The obtained powder of a modified titanium oxide was treated by a
pelletizing machine for use in producing a 15 sample for infrared
absorption spectrometry, wherein 



the powder was compressed under a pressure of 750 kg/cmZ) thereby obtaining
a pellet of a modified ti tanium oxide. The contact angle of water against
the surface of the obtained pellet was 93.0 as measured at 20 20 C. The
surface energy of the pellet was 28.4 dyn/cm at 20 C, as calculated from
the empirical for mula of Sell-Neumann. 1.2 g of the above-obtained powder
of a modified titanium oxide was added to 100 g of Pla=ace (which is 25 the
same as used in Reference Example 12) at room tem   9 October, 20O2 194
perature (23 C) while stirring, thereby obtaining a composition. Using the
obtained composition, a film was formed on the surf ace of an OHP film in
substantially the same 5 manner as in Example 17. The distribution of
titanium atoms in a cross section of the film formed on the surface of the
OHP film was measured by means of an energy-dispersive Xray spectrometer.
The results of the measurement 10 showed that the titanium atoms exhibited
a random dis tribution and that a considerable amount of Ti02 particles
were in contact with the surface of the OHP film. Further, the surface of
the formed film was evalu ated with respect to the photocatalyst activity.
The 15 evaluation was poor (i.e., "X" or "D"). Reference Example 14
[Synthesis of Si-H group - containing silicon compound (9) having a cyclic
acid anhydride group] 20 168 g of dioxane and 100 g of KF9901 (which is the
same as used in Reference Example 1) were charged into a reactor equipped
with a reflux condenser) a thermometer and a stirrer, and the resultant
mixture in the reactor was heated to 80 G while stirring. 25 50 g of Uniox
MUS-8 (which is the same as used in   9 October, 2002 195 Ref erence
Example 1), 28 g of a 5-norbornene-2,3 dicarboxylic anhydrite, and 1.1 g of
a 5 ~ by weight isopropanol solution of hydrogen hexachloroplati nate(IV)
hexahydrate were dissolved in 100 g of dioxane. 5 The resultant solution
was charged into the above mentioned reactor over approximately one hour at
80 C whale stirring, and the resultant mixture in the reac for was stirred
at 80 C for 2 hours and, then, cooled 



to room temperature, thereby obtaining a solution of 10 Si-H
group-containing silicon compound (9) having a cy clic acid anhydride group
(hereinafter referred to simply as "compound (9)"). 8 g of butyl cellosolve
was added to and mixed with 1.4 g of the solution of compound (9)) and,
then, 15 8 ml of a 1 N aqueous sodium hydroxide solution was added thereto,
so that hydrogen gas was generated, and the volume of the generated
hydrogen gas was 35.8 ml as - measured at 21 C. The Si-H group content of
compound (9), as calculated from the volume of the generated hy 20 drogen
gas, was 1.02 mmol per g of the solution of com pound (9) (approximately
4.5 mmol per g of KF9901). Reference Example 15 [Synthesis of Si-H group
containing silicon compound (10) having a sensitizing 25 group]   9
October, 20O2 196 30 g of the solution of compound (9) obtained in
Reference Example 14 was charged into a reactor equipped with a reflux
condenser, a thermometer and a stirrer. 5 0.23 g of
2,4-dinitrophenylhydrazine was dissolved in 22.7 g of tetrahydrofuran. The
resultant solution was charged into the above-mentioned reactor over
approximately 30 minutes at 20 C while stirring, and the resultant mixture
in the reactor was stirred at 20 C 10 for 3 hours, thereby obtaining a
solution of Si-H group-containing silicon compound (10) having a
sensitizing group (hereinafter referred to simply as "compound (10)"). 15
Example 20 [Preparation of a modified photocatalyst sol by the use of Si-H
group-containing compound (9) having a cyclic acid anhydride group] 200 g
of STS-02 (which is the same as used in Ex ample 5) and 100 g of water were
charged into a reactor 20 equipped with a reflux condenser, a thermometer
and a stirrer, and the resultant mixture in the reactor was heated to 30 C
while stirring. Subsequently, 30 g of the solution of compound (9) obtained
in Reference Ex ample 14 was charged into the reactor over approxi 25
mately 30 minutes at 30 C while stirring, and the re   9 October, 2002 197
sultant mixture in the reactor was stirred at 30 C for 



3 hours to effect a reaction of STS-02 with compound (9) and modify the
Ti02 particles of STS-02 to thereby obtain a sol containing modified Ti02
particles well 5 dispersed therein, wherein the volume mean particle
diameter of the modified T102 particles was 29 nm. During the reaction of
STS-02 with compound (9), hydro gen gas was generated. The volume of the
generated hy._ drogen gas was 112 ml as measured at 20 C. 10 An IR spectrum
was obtained in substantially the same manner as in Example 1. The obtained
IR spectrum showed that the absorption ascribed to a Ti-OH group of Ti02
particles in STS-02 disappeared, wherein the above-mentioned absorption had
been observed in the IR 15 spectrum of TlOz prior to the modification of
the TlOz particles. Example 21 100 g of STS-02 (which is the same as used
in Ex 20 ample 5) and 50 g of water were charged into a reactor equipped
with a reflux condenser, a thermometer and a stirrer, and the resultant
mixture in the reactor was heated to 30 C while stirring. Subsequently, 26
g of the solution of compound (10) obtained ih Reference Ex25 ample 15 was
charged into the reactor over approxi   9 October, 20O2 198 mately 30
minutes at 30 C while stirring, and the re sultant mixture in the reactor
was stirred at 30 C for 3 hours to effect a reaction of STS-02 with
compound (10) and modify the TiOz particles of STS-02 to thereby 5 obtain a
sol containing orange, modified TiOz particles well dispersed therein,
wherein the volume mean parti cle diameter of the modified Ti02 particles
was 36 nm. During the reaction of STS-02 with compound (10), hy drogen gas
was generated. The volume of the generated 10 hydrogen gas was 110 ml as
measured at 20 C. An IR spectrum was obtained in substantially the same
manner as in Example 1. The obtained IR spectrum showed that the absorption
ascribed to a Ti-OH group of Ti02 particles in STS-02 disappeared, wherein
the 15 above-mentioned absorption had been observed in the IR spectrum of
T102 prior to the modification of the TiOz particles. Using the obtained
sol, a transparent (orange) and smooth film was formed on the surface of a
glass plate 20 in substantially the same manner as in Example 1. The
surface of the film was evaluated by examining how the hydrophilicity or
hydrophobicity of the film surface was changed by sunlight irradiation. The
results are shown in Table 4. 25   



9 October, 20O2 199 Example 22 100 g of the sol obtained in Example 20 was
charged into a reactor equipped with a reflux condenser, a thermometer and
a stirrer. 5 0.07 g of 2,4-dinitrophenylhydrazine was dissolved in 7 g of
tetrahydrofuran. The resultant solution was charged into the
above-mentioned reactor over approximately 30 minutes at 20 C while
stirring, and the re sultant mixture in the reactor was stirred at 20 C for
10 3 hours, thereby obtaining a sol containing orange, modified Ti02
particles well dispersed therein, wherein the volume mean particle diameter
of the modified Ti02 particles was 33 nm. Using the obtained sol, a
transparent (orange) and 15 smooth film was formed on the surface of a
glass plate in substantially the same manner as in Example 1. The surface
of the film was evaluated by examining how the hydrophilicity or
hydrophobicity of the film surface was changed by sunlight irradiation. The
results are 20 shown in Table 4. Reference Comparative Example 1 Using the
sol obtained in Example 20, a transpar ent and smooth film was formed on
the surface of a 25 glass plate in substantially the same manner as in Ex
9 October, 2002 200 ample 1. The surface of the film was evaluated by
examining how the hydrophilicity or hydrophobicity of the film surface was
changed by sunlight irradiation. The results are shown in Table 4. 5 Table
4 How the hydrophilicity or hydrophobicity of the film surface was changed
by sunlight irradiation  Item Example 21 Example 22Ref erence Comparative
Example 1Contact angle of wateragainst film surface 767 77a g0.7(prior to
sunlight ir-radiation)Contact angle of wateragainst film surface 26.9 39.1
76.2(after 3 hours of sun-light irradiation) 10 



Reference Example 16 [Synthesis of Si-H groupcontaining silicon compound
(11) having a sensitizing group] 10 g of 4-aminof luorescein and 1,400 g of
dioxane 15 were charged into a reactor equipped with a reflux condenser, a
thermometer and a stirrer. 2.4 g of allyl isocyanate was dissolved in 22.6
g of dioxane. The resultant solution was charged into the above-mentioned
reactor over approximately 30   9 October, 2002 201 minutes at 30 C while
stirring, and the resultant mixture in the reactor was stirred at 30 C for
5 hours. 500 g of KF9901 (which is the same as used in Reference Example 1)
was charged into the reactor, and the resul 5 tent mixture in the reactor
was heated to 80 C while stirring. 1,370 g of Uniox MUS-8 (which is the
same as used in Reference Example 1) and 5 g of a 5 ~ by weight iso
propanol solution of hydrogen hexachloroplatinate(IV) 10 hexahydrate were
dissolved in 1,370 g of dioxane. The resultant solution was charged into
the above-mentioned reactor over approximately one hour at 80 C while
stirring, and the resultant mixture in the reactor was stirred at 80 C for
2 hours and, then, cooled to room 15 temperature, thereby obtaining a
solution of Si-H group-containing silicon compound (11) having a sensi
tizing group (hereinafter referred to simply as "com pound (11)"). When 100
g of water was added to 4 g of the above 20 obtained solution of compound
(11), the resultant aque ous mixture was homogeneous and transparent and
had fluorescence. On the other hand, 8 g of butyl cellosolve was added to
and mixed with 4 g of the solution of compound 25 (11), and, then, 8 ml of
a 1 N aqueous sodium hydroxide   9 October, 20O2 202 solution was added
thereto, so that hydrogen gas was generated, and the volume of the
generated hydrogen gas was 33 ml as measured at 23 C. The 5i-H group
content of compound (11), as calculated from the volume of the 5 generated
hydrogen gas, was 0.32 mmol per g of the solution of compound (11)
(approximately 3.1 mmol per g of KF9901). Example 23 10 200 g of Tinoc A-6
(which is the same as used in Example 1) was charged into a reactor
equipped with a reflux condenser, a thermometer and a stirrer.
Subsequently, 12.5 g of the solution of compound (11) obtained in Reference
Example 16 was charged into the re 15 actor over approximately 30 minutes
at 30 C while stirring, and the resultant mixture in the reactor was
stirred at 30 C for 3 hours to effect a reaction of ` Tinoc A-6 with
compound (11) and modify the Ti02 particles of Tinoc A-6 to thereby obtain
a sol containing 20 fluorescent, modified Ti02 particles well dispersed
therein, wherein the volume mean particle diameter of the modified T102
particles was 23 nm. During the reaction of Tinoc A-6 with compound (11))
hydrogen gas was generated. The volume of the generated hydrogen 25 gas was
120 ml as measured at 23 C.   9 October, 2002 



203 An IR spectrum was obtained in substantially the same manner as in
Example 1. The obtained IR spectrum showed'that the absorption ascribed to
a Ti-OH group of TiOZ particles in Tinoc A-6 disappeared, wherein the 5
above-mentioned absorption had been observed in the IR spectrum of Ti02
prior to the modification of the TiOz particles. Using the obtained sol, a
transparent (yellow or green) and smooth film was formed on the surface of
a 10 glass plate in substantially the same manner as in Example 1. The
surface of the film was evaluated by examining how the hydrophilicity or
hydrophobicity of the film surface was changed by the irradiation of light
containing almost no ultraviolet light. The results 15 are shown in Table
5. Reference Comparative Example 2 ` With respect to the film formed on the
surface of F~ a glass plate which film was obtained in Example 1, the 20
surf ace of the film was evaluated by examining how the hydrophilicity or
hydrophobicity of the film surface was changed by the irradiation of light
containing al most no ultraviolet light. The results are shown in Table 5.
25   9 October, 2002 204 Comparative Example 11 Tinoc A-6 (which is the
same as used in Example 1) was spray-coated on a glass plate in a thickness
of 0.5 pm. The coated glass plate was dried at room tempera 5 ture for one
week, thereby forming a transparent and smooth film on the surface of the
glass plate. The surface of the film was evaluated by examining how the
hydrophilicity or hydrophobicity of the film surface was changed by the
irradiation of light containing al 10 most no ultraviolet light. The
results are shown in Table 5. Table 5 How the hydrophilicity or
hydrophobicity of the film 15 surface was changed by the irradiation of
light con taining almost no ultraviolet light  Item Example 23Reference
Comparative Example 2Comparative Example 11Contact angle of wateragainst
film surface 25.7 37.0 



15.7(prior to light irra-diation)Contact angle of wateragainst film surface
102 . 9 38 . 3 16 . 2( after 24 hours oflight irradiation)   9 October,
20O2 205 INDUSTRIAL APPLICABILITY When a film containing a modified
photocatalyst is formed on the surface of a substrate by using the modi
fled photocatalyst sol of the present invention or the 5 modified
photocatalyst composition of the present in vention comprising the modified
photocatalyst sol and a functional substance, not only can the modified
photocatalyst be strongly immobilized on the surf ace of the substrate
under moderate conditions without suffering a 10 lowering of the activity
of the modified photocatalyst, but also any of the film formed and the
substrate coveyed with the film are not deteriorated by the action of the
modified photocatalyst. Further, the above-mentinned film exhibits
excellent properties with respect 15 to transparency, durability, staining
resistance, hard ness and the like. Therefore, the above-mentioned modified
photocatalyst sol and modified photocatalyst composition are extremely
useful for, e.g., preventing ,y dirt from adhering to the surfaces of
various sub 20 strates, and preventing fogging from occurring on the
surfaces of various substrates. Further, each of the functional composite
and the shaped article of the present invention enables the modified
photocatalyst contained therein-to exert a 25 satisfactory effect at a
surface of each of the func   9 October, 2002 206 tional composite and the
shaped article, thereby effectively preventing dirt from adhering,to the
surface thereof and effectively preventing fogging from occurring on the
surface thereof.   9 October, 2002 207 CLAIMS 1. A modified photocatalyst
sol comprising a liquid medium having dispersed therein particles of a
modified 5 photocatalyst, said particles of a modified photocatalyst being
prepared by subjecting particles of a photocatalyst to a modification
treatment with at least one modifier compound selected from the group
consisting of differ 10 ent compounds each of which independently comprises
at least one structural unit selected from the group conlisting of a
monooxydiorganosilane unit represented by formula (1), a dioxyorganosilane
unit represented by formula (2}, and a difluoromethylene unit represented
15 by formula (3): -(RlR2Si0)- (1) 



wherein each of R1 and R2 independently rep20 resents a hydrogen atom, a
straight chain or branched C1-C30 alkyl group, a C5-C2p cycloalkyl group or
a C6-C20 aryl group which is unsubstituted or substituted with at least one
substituent selected from the group con25 listing of a C1-C20 alkyl group,
a C1-C20   9 October, 20O2 208 alkoxy group and a halogen atom, -s~ o I O5
(2) wherein R1 is as defined for formula (1), and -(CF2) 10 (3), said
modified photocatalyst particles having a volume mean particle diameter of
800 nm or less. 2. The modified photocatalyst sol according to claim 15 1,
wherein said photocatalyst particles prior to said modification treatment
have a volume mean particle diameter of 200 nm or less. 3. The modified
photocatalyst sol according to claim 20 1 or 2, wherein said modified
photocatalyst particles have a volume mean particle diameter of 200 nm or
less to the exclusion of moieties of the particles which moieties are
derived from the modifier compound. 25 4. The modified photocatalyst sol
according to any   9 October, 20O2 209 one of claims 1 to 3, which, after
allowed to stand at 30 C for 100 days, maintains a volume mean particle
diameter of said modified photocatalyst particles at 800 nm or less. 5 5.
The modified photocatalyst sol according to any one of claims 1 to 4,
wherein said modifier compound has a sensitizing group. 10 6. The modified
photocatalyst sol according to any one of claims 1 to 5, wherein said
modifier compound has at least one reactive group selected from the group
consisting of an epoxy group, an acryloyl group, a methacryloyl group, an
acid anhydride group, a keto 15 group, a carboxyl group, a hydrazine group,
an isocyahate group, an isothiocyanate group, a hydroxyl group, an amino
group, a cyclic carbonate group and an ester group. 20 7. The modified
photocatalyst sol according to claim 6, wherein said modifier compound has
at least one reactive group selected from the group consisting of a
hydrazine group and a keto group. 25 8. The modified photocatalyst sol
according to any   9 October, 2002 210 one of claims 1 to 7, wherein said
modifier compound is self-emulsifiable or soluble in water. 9. The modified
photocatalyst sol according to any 5 one of claims 1 to 8, wherezn said
modifier compound 



contains at least one silicon atom having bonded there to at least one
hydrogen atom. 10. The modified photocatalyst sol according to claim 10 9,
wherein said modification treatment is conducted in the presence of a
dehydrogenation-condensation catalyst which has
dehydrogenation-condensation activity with respect to said hydrogen atom
bonded to the silicon atom of the modifier compound. 15 11. The modified
photocatalyst sol according to claim 10, wherein said
dehydrogenation-condensation catalyst - comprises at least one metal of the
platinum group or a ~; compound thereof. 20 12. The modified photocatalyst
sol according to any one of claims 9 to 11, wherein said modifier compound
is a silicon compound having an average structural com position represented
by the following formula (4): 25   9 October, 2002 211
HpRqQrXSSi0~4_p_q_r_s)/2 (4) wherein: each R independently represents a 5
straight chain or branched C1-C30 alkyl group, a CS-C20 cycloalkyl group or
a C6-C20 aryl group which is unsubstituted or substituted with at least one
substituent selected from the group consisting of a C1-C20 alkyl group, 10
a C1-C20 alkoxy group and a halogen atom, each Q independently represents a
group having at least one function-imparting group selected from the group
consisting of: 1) at least one hydrophobic group se15 lected from the group
consisting of a straight chain or branched C1-C30 alkyl group, a C5-C20
cycloalkyl group and a ' Cs-C20 aryl group which is unsubstituted or
substituted with at least one sub 20 stituent selected from the group
consisting of a C1-C20 alkyl group, a C1C2p alkoxy group and a halogen
atom, and a C1-C30 fluoroalkyl group; 2) at least one hydrophilic group
se25 lected from the group consisting of a   9 October, 2002 212 carboxyl
group and a salt thereof, a phosphate group and a salt thereof, a sulfonic
acid group and a salt thereof, and a polyoxyalkylene group; 5 3) at least
one reactive group selected from the group consisting of an epoxy group, an
acryloyl group, a methacryloyl group, an acid anhydride group, a keto
group, a hydrazine group, an isocyanate 10 group, an isothiocyanate group,
a hydroxyl group, an amino group, a cyclic carbonate group and an ester
group; and 4) at least one sensitizing group, each X independently
represents a hydro15 lyzable group selected from the group consisting of a
C1-C20 alkoxy group, a hydroxyl group, a hydroxyimino group, an enoxy
group, an amino group, an amido group, a C1-C20 acy '~ loxy group, an
aminoxy group and a halogen 20 atom, and p, q, r and s satisfy the
following relationships: 0 < p < 4, 0 < q < 4, 25 0 s r < 4,  



9 October. 2002 213 0 s s < 2, and (p + q + r + s) < 4. 13. The modified
photocatalyst sol according to claim 5 12, wherein said silicon compound is
represented by the following formula (5):
(RlHSiO)a(RlzSiO)b(RlQSiO)C(R13Si01~2)d (5) 10 wherein: R1 is as defined
for formula (1) and Q is as defined for formula ( 4 ) , a represents an
integer of 1 or more, each of b and c independently represents an inte15
ger of 0 or more, d is 0 or 2 wherein a, b and c satisfy the following
relation ship: B `~'' (a + b + c) s 10,000, and 20 wherein when (a + b + c)
z 2 and d is 0, the compound of formula (5) is a cyclic silicone compound,
and when d is 2, the compound of formula (5) is a straight chain silicone
compound. 25 14. A modified photocatalyst composition comprising   9
October, 2002 214 the modified photocatalyst sol of any one of claims 1 to
13 and at least one functional substance. 15. The modified photocatalyst
composition according 5 to claim 14, wherein said functional substance is a
resin. 16. The modified photocatalyst composition according to claim 15,
wherein said resin is at least one resin 10 selected from the group
consisting of a silicone resin and a fluoro resin. 17. The modified
photocatalyst composition according to claim 15, wherein said modified
photocatalyst sol is 15 the modified photocatalyst sol of claim 6, and said
resin is capable of reacting with said reactive group of said modified
photocatalyst sol. `~' 18. The modified photocatalyst composition according
20 to claim 14, wherein said modified photocatalyst sol is the modified
photocatalyst sol of claim 7, and said functional substance is at least one
compound selected from the group consisting of a polycarbonyl compound and
a polyhydrazine compound. 25   9 October, 2002 215 19. The modified
photocatalyst composition according to claim 14, wherein said functional
substance is a coating~resin composition. S 20. The modified photocatalyst
composition according to claim 14, wherein said functional substance is a
compound having a surface energy larger than that of each modified
photocatalyst particle. 10 21. The modified photocatalyst composition
according to claim 14, wherein said functional substance is a coating
composition comprising a resin having a surface energy larger than that of
each modified photocatalyst 



particle. 15 22. A modified photocatalyst composition comprising modified
photocatalyst particles having a volume mean particle diameter of 800 nm or
less and at least one functional substance, wherein said modified photocata
20 lyst particles are obtained by removing the liquid me dium from the
modified photocatalyst sol of any one of claims 1 to 13. 23. The modified
photocatalyst composition according 25 to claim 22, wherein said functional
substance is a   9 October. 20O2 216 compound having a surface energy
larger than that of each modified photocatalyst particle. . 24. The
modified photocatalyst composition according 5 to claim 22, wherein said
functional substance is a coating composition comprising a resin having a
surf ace energy larger than that of each modified photocatalyst particle.
10 25. A modified photocatalyst/resin composite composition which is
produced by polymerizing at least one compound selected from the group
consisting of a vinyl compound and a hydrolyzable silane compound in the
presence of the modified photocatalyst sol of any one 15 of claims 1 to 13.
26. A functional composite comprising a substrate and a film formed on said
substrate, said film comprising the modified photocatalyst sol of any one
of claims 1 20 to 13. 27. A shaped article produced by shaping the modified
photocatalyst composition of any one of claims 14 to 18. 25 28. A
functional composite comprising a substrate and   9 October, 20O2 217 a
film formed on said substrate, said film comprising the modified
photocatalyst composition of any one of claims 14 to 19. 5 29. A shaped
article produced by shaping the modified photocatalyst composition of claim
20, which is anisotropic with respect to the distribution of the modified
photocatalyst. 10 30. A functional composite comprising a substrate and a
film formed on said substrate, said film comprising the modified
photocatalyst composition of claim 20 or 21 and being anisotropic with
respect to the distribuLion of the modified photocatalyst. 15 31. A shaped
article produced by shaping the modified photocatalyst composition of claim
22. .-` 32. A functional composite comprising a substrate and 20 a film
formed on said substrate, said film comprising the modified photocatalyst
composition of claim 22. 33. A shaped article produced by shaping the
modified photocatalyst composition of claim 23,~which is aniso 25 tropic
with respect to the distribution of the modified  



t 9 October. 2O02 218 photocatalyst. 34. A functional composite comprising
a substrate and a film formed on said substrate, said film comprising 5 the
modified photocatalyst composition of claim 23 or 24 and being anisotropic
with respect to the distribuLion of the modified photocatalyst. 35. A
shaped article produced by shaping the modified 10 photocatalyst/resin
composite composition of claim 25. 36. A functional composite comprising a
substrate and a film formed on said substrate, said film comprising the
modified photocatalyst/resin composite composition 15 of claim 25.  .A.A
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~pxpxxxxx|x?|x?<x~x<x<<x<<<<<>>x>x?xxxx?x?p|?xx<x??x<08x<0x<|<?x<>|x<?|x<?|
p??0?s18?8>|x~~x?|~x~x~x>x>xqxxxxxx<<<<<<><x><|>>|??<<<8xxx>~||??~||?>?||88
x|~???):;
ABDFbyjl}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]c^a]ca U]c^a!12z{
2e|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca]c:a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! 78@u    & '    



Vtu-.5}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!5BEORbd ; r
HILPSQ)@Abzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]c^a]ca]ca!nHuv56r!#(56{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca!6]}'V^_{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Djkw0[
En~{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
!!!!!!!!!!"8"n"""##$V$$$$%%%&&!&P&{vqlg`[V]]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca
U]c^a]ca]ca!P&&&&''*'B'C''9()I)}))))))*W*****-+7+8+j+z+|++++}xslgb]X]]]ca]c
a]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!++,,,S,l,q,x,,,,2-j---.:.R.S.p.../Q/00(0?0A0a0q0t00|wrmha\W]
]]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
]ca]ca]ca]ca]ca]ca]ca!00001&1'1-1.1M1111112C2~2Z333494p44445O5555s66}xsngb]
X]]]]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!67778J88888*9b9999:?:A:J:O:R::::;M;
(<9<h<<<<=|wrmhb]Xngb]X]]]]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]c^a U]c^a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
=F=}====>H>`>>>>>????Z@d@g@w@,AWAAAAAAB#B%B'B*Bzupic\Wngb]X]]]ca U]c ^a]c
^a U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca *B2B7BlBBBB4C7CkCCCCPDD/EEEEEEFFG*G-G;
G=GnGvG{GGGKH{vqlgb]X]]]]ca]ca]ca]ca]ca]ca]c$a]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!KH~HHHHIVIII(J`
JJJK9KKKLILLLMMMxMMM;
NnNN4OOKPjP~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca!jPPPP!Q>QQRR:RCRRRtSS>TlT|TTTTUUUUUVVW1WWWWQX~ytoje`[V]]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca!QXaXdXX)Y?YrYY*ZZZ[[?[E[_[\\0]]^^^_<``{bbbbbicc|wrkfa\Wje`[V]]]ca]
ca]ca]ca U]c^a]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca U]c^a
ccd%eeeEffffffggghhsivj|jjjj'kakkl8lPll*mSmmm~ytoje`[V]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!mm6nrnnnnnno:oqoooopq:qqqqqrrs.s1sissss0tu
BuRu~ytnid_ZU]ca]ca]ca]ca]caU]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca!Ruuuu,vcvvvw;www
xFxVxYxxxx'yYy)z`z8{s{{{|N||||-}}{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!}}}~~4jO'^{:p~ytoje`[V]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca 



U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca U]c^a!+;
>O&a3l$\0jz} Y4l'~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca!'`'b<x{FIQV-=@Q%^6p}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca!NA8e;uRN^{vqlg`[V]]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!Rd79qH;
+c8]zupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!  ?tNJ$
+b>t~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca!9@uq1$*:=@NPS`~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca!),CxAlH}@PS0X"r{vqlgb]Xje`[V]]]ca]ca]ca]ca]ca]ca]ca]ca
]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]caD]ca T} ;KN  %(1v}xslgb]Xje`[V]]]ca]ca]ca]ca
U]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca SW"8h R 3v$~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!*,:MR^L*:=YeG|G|)~ytoje`[V]
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca U]c^a!<LO:OpL"],jz}
XKytoje`[V]]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca!]7r%ZS-d"{vqlg`[V]]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!5<n>r+:[2jIY\1i_{toje`[V]]ca]ca]ca]ca]ca]c
a U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca!_p@Yf$2:FLU[]n{vqje`[V]]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!n(Ek;
'-=@sL(b~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! 7g#1g2V]>u
>5C{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca 



U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!CTW`8<]`:  S4k{~S w
I\3~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a!3km[\7p0/axsnid_ZU]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca!E}$,[)`sLlox  {vqlgb[V]]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! $ 4 g
!I!L!.">"A"""#U###,$g$@%{%%%&T&&&&c''''zupkfaZU]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'{((((#)X))))))**V*****+++:+J+M+",R,,,.
...F.w.{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!w...//
///0q0000+1-1X1111*2`23B3R3U3.474h4445E56X6}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca!X6~6667R7,8g8w8z88809i9B:z:::;C;|;
;;$<X<<<=#=Q====}>{vqlg`[V]]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca!}>>????+@_@@@A>AsAAAB'BVBBBB~CCDDEVEEEE2FeFFF{vq
lgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!FGEG}GG%H5H8HpH
HHHIMI|IIIJQJJJJ)K^KKKK#LXLLLM&M)M{vqlgb[V]]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca U]c^a]ca]ca]ca]ca]ca!)MJMSMM5OMO[OO(P8P;
PrPPQQNQ'R`R7SpSSSSTJTTTT$U\UUUU~ytoje^Ylgb[V]]c]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca
UUU*V`VVpWWzXXXYRYYYYZMZZZZZZ[[\\]]^:^r^^^{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^_>_t_____``
abbcKcccc+d`dlddd ee ee-fg9gpgggh~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca!hFh|hhhiUili|iiiijRjjjj,kakkxllll*mammsnnnnn.o`o{vqje`
[V]]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca!`oo'p\ppppkq}qqrrr3sissssttt4uiutuuuvEv|vvvwSww{
vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!www)x`xxxxxxxyUy]yyyzz{B
{t{{{|T||||2}g}}} ~~zupkfa\U
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]c^a]ca]ca]ca]ca]ca]ca!~~U~~~~.Q%#W0?OR+d<n{vqlgb]X
U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!%\M,<?O&a
>yN!V{vqlgb]V U
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6g| U<uJcsvK[gC{vqlgb]X U 



U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!CIQx9i/a^9Yz
upkfa\W U
U]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca U]c^a]ca]ca]ca]ca!Ju(]mJ^k>vD|3gq8m~ytoje`[V
U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca!mJ~%[:q&Z&)_{vqlg`[V U]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!_:[BwR/e #})9<{vqlgb[V U]ca
U]c^a]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca!<s6b1X0_o=t)(_{vqlgb]X U]]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!_,Gv(]1 DwJ'{vqlgb]X
U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'"&4IT(_:t.`%]lI~ytoje`[
V U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca!I(YNDW/f,]{vqje`[V U]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca!"W/BRV*c7rL+cQ{vqlgb[V U]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!u BwU/f!W3g{vqlgb]X
U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Jy
DuM*`B}xsnid_Zlgb]X
U]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a BRVV-g)a>x<xhwF~ytoje`[V
U]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a!F~"X(>e=rV}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca U]c^a]c^a U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!8HL_w<lB
7l/zupkfa\Wid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca 



U]c^a]ca]ca]ca]ca]ca]ca]ca U]c^a]ca]ca]ca]ca]ca U]c^a]ca /e@SBvR,`;
qP`d{vqlgb[V]]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!d@yIY1 k
!z!!!!!i"""#-#^###$$${vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$%R%%%%,&S&Y
&i&m&&&k'v'''+(()=)t)))*******+"+P+zunid_ZU]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca!P++!,,,,,z---..>.l......///0v001/121:1M1O1P1U
1\1{vqkf`[U]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!\1q112I2b2222333(4`44
4556G666667w77777i8888{toje`[V]]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca!8 9T9999:I::::);`;
;;;_<<<<<==U====>C>z>>>?A?|wrmhc^Y]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!A?y???@U@@@/
AjAzA~AAABDBvBBBCRC*DdDDDEEQE"FIFYF]FFF{vqle`[V]]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!F.GeGGGFH~HHHH"IWIIFJJJJJJKKKKK.KUMMMMONUN
eNiN}N{vqlg`[U]c^a]ca U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!}NNNN1OhO9PrPPPP/QhQQQRA
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