
;JKLMe3e>,6T>`SF-749  TITLE WATER-REPELLENT POROUS SILICA, PROCESS FOR
PREPARING THE SAME, AND USES THEREOF 5 TECHNICAL FIELD The present
invention relates to water-repellent porous silica having uniform
mesopores, that is applicable to catalyst carrier, adsorbent, light
functional material, electron functional material and the 10 like, a
process for preparing the water-repellent porous silica, and uses of the
water-repellent porous silica. BACKGROUND ART Porous inorganic compounds
having uniform mesopores 15 have larger pores than conventional oxides such
as zeolite, and application of those compounds to catalyst carrier,
separation adsorbent, fuel battery and sensor has been studied. As for a
process for preparing such an oxide having 20 uniform mesopores, a process
utilizing control of the structure of an inorganic material by the use of
an organic compound has been paid attention because an oxide of novel shape
and structure can be obtained. In particular, an oxide having uniform
mesopores, that is    SF-749 synthesized by utilizing self organization of
an organic compound and an inorganic compound, is known to have a larger
pore volume and a larger surface area than conventional oxides such as
zeolite. 5 As a process for preparing an oxide having uniform pores
utilizing self organization of an organic compound and an inorganic
compound, a process comprising 



subjecting a silica gel and a surface active agent to hydrothermal
synthesis reaction in a heat-resistant 10 closed vessel to prepare such an
oxide is described in, for example, W091/11390. In Bull. Chem. Soc. Jp.,
Vol. 63, p. 988 (l990), a process comprising subjecting kanemite that is a
kind of a layered silicate and a surface active agent to ion exchange to
prepare such an 15 oxide is described. On the other hand, the oxide having
uniform mesopores has a defect that the oxide is liable to adsorb moisture
because of its large pore volume and surface area. That is to say, the
oxide having uniform mesopores 20 prepared as described above has a large
pore volume and contains a great number of hydroxyl groups present on the
pore surfaces. Therefore, the oxide has high moisture adsorption
properties, and the structure of the oxide is 2   SF-749  changed by the
adsorbed water or the periodic structure of the pores is disintegrated.
Many patents to improve the moisture adsorption properties have been
applied so far. For example, it is 5 described in Japanese Patent Laid-Open
Publication No. 14413/1981 that an organosilicon halide compound as a
starting material is allowed to react with S.102 in an organic solvent to
develop water repellency. In this case, the organic group imparts water
repellency to SiO2. 10 Surface treatments of silica and a silica gel are
described in various publications. In Japanese Patent Laid-Open Publication
No. 181715/l983, treatment with an organosilane halide and water vapor is
described; in Japanese Patent Laid-Open Publication No. 295226/1986, 



15 treatment with silicone or the like is described; in Japanese Patent
Laid-Open Publication No. 59415/1990, bonding to a hydrophobic organic
group is described; in Japanese Patent Laid-Open Publication No.
107502/1990, treatment with a fluorinating agent in the presence of 20
water is described; in Japanese Patent Laid-Open Publication No.
196342/1995, treatment by immersion of a substrate in a solution obtained
by adding NH4F to a water-based solution of alkoxysilane is described; and
in Japanese Patent Laid-Open Publications No. 157643/1996, 3   SF-799 No.
2427l7/1997, No. 25427/l998 and No. 140047/1998, treatment of an inorganic
oxide with a fluorine containing organosilicon compound as a surface
treating agent is described. A11 of these methods have improved 5 moisture
adsorption properties of silica. Further, in EP0799791, treatment with a
silicone oil having an epoxy group or with an amine compound having an
amino group is described; in Chinese Patent No. 1,072,654, treatment using
amine or pyrrolidone is described; and in 10 U.S. Patent No. 4,164,509,
sulfonic acid treatment is described. Moreover, in Japanese Patent
Laid-Open Publication No. 92621/1994, treatment comprising hydrolyzing
tetraethoxysilane and coating a substrate with the hydrolysis solution is
described; in U.S. Patent 15 No. 4,569,833, treatment by contact with SiF4
to improve water repellency is described; and in U.S. Patent No. 4,054,689,
treatment by contact with a HF gas to improve water repellency is
described. The above methods, however, are a11 surface 20 treatments of
silica, and it is difficult to homogeneously treating inside surfaces of
pores of the porous silica. In addition, they are not satisfactory as
methods to improve moisture adsorption properties of the porous materials
from the viewpoint of application of the 



4   SF-749 resulting silica to light functional materials or electron
functional materials, because there are disadvantages such that the
treatment in water disintegrates the pore structure, the treatment with an
5 organic material results in low heat resistance, and the F treatment by
the contact with a gas results in only a temporary effect. In Materials
Letters 42 (2000), pp, l02-107, a process for preparing water-repellent
porous silica 10 having uniform pores, comprising dropwise adding a HF
solution to a caustic soda solution of silica and performing hydrothermal
synthesis is described. From the porous silica prepared by this process,
however, any film cannot be formed. In addition, Na remaining in silica 15
hinders application of the silica to a light functional material or an
electron functional material. On the other hand, films comprising oxides
having uniform mesopores have been proposed recently, and application of
those films to light functional materials 20 or electron functional
materials has been highly expected. For example, in Nature, Vol. 379, p.
703 (1996), a process comprising placing a mica board in a solution
essentially consisting of tetraalkoxysilane and a surface active agent to
form a film on a surface of the mica is 5   SF-749 described; in Nature,
Vol. 381, p. 589 (1996), a process for forming a film on a liquid level of
a solution essentially consisting of tetraalkoxysilane and a surface 



active agent is described; and in Science, Vol. 273, p. 5 768 (1996), a
process for forming a film on an interface between an oil layer containing
tetraalkoxysilane and a water layer containing a surface active agent is
described. These processes, however, industrially have a problem that a
long period of time is necessary for the 10 formation of a film and a large
amount of a powder is produced as a by-product together with the film. In
Japanese Patent Laid-Open Publication No. 194298/l997, a process comprising
coating a substrate with a solution essentially consisting of 15
tetraalkoxysilane and a surface active agent to form a film having pores
regularly disposed is disclosed. In W099/37705, a process for forming a
film, which comprises converting a surface active agent into an amphiphatic
block copolymer to make pores large, is disclosed. These 20 processes are
industrially useful because films are produced for a short period of time.
In the resulting porous films having uniform pores, however, gradual
variation of the structure or disintegration of the periodic structure of
pores takes place because of the 6   SF-749 aforesaid moisture adsorption
properties, and thereby the conductivity becomes high. Thus, these porous
films have a problem when they are applied to light functional materials or
electron functional materials. S Accordingly, development of a highly
water-repellent film having uniform pores has been eagerly desired.
DISCLOSURE OF THE INVENTION It is an object of the present invention to
provide 10 water-repellent porous silica having uniform pores, that is
applicable to a light functional material or an 



electron functional material, and to provide a silica film, a precursor
solution for forming the silica, a process for preparing the silica and
uses of the silica. 15 As a result of earnest studies to achieve the above
mentioned object, the present invention has been accomplished. The
water-repellent porous silica according to the present invention is
water-repellent porous silica having 20 uniform pores, which comprises
silica skeleton wherein fluorine atoms are fixed through covalent bonds and
which has an alkali metal content of not more than 10 ppb. The fluorine
content in the silica skeleton is preferably in the range of 0.3 to 15.0 o
by weight. 7   SF-749 It is preferable that the mean pore size of pores of
the porous silica is in the range of 1.3 to 10 nm and the porous silica has
a periodic crystal structure of hexagonal system when examined by X-ray
diffractometry. 5 It is also preferable that the mean pore size is in the
range of 1.3 to 10 nm and the porous silica has a crystal structure of
irregular arrangement. The process of the present invention for preparing
the water-repellent porous silica having uniform pores, 10 said silica
comprising silica skeleton wherein fluorine atoms are fixed through
covalent bonds, comprises the steps of partially hydrolyzing a
fluorine-containing trialkoxysilane represented by the following formula
and a tetraalkoxysilane under acidic condition, then drying a 15 solution
resulting from the hydrolysis and mixed with a surface active agent, and
removing the surface active agent or extraction; (ZO)3SiR 



wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl, 20 t-butyl,
i-butyl or sec-butyl, and R is a fluorine atom, (CH2) a (CF2) b (O (CF2) c)
dX (X is a fluorine atom, OCF3, OCF (CF3) 2, OC (CF3) 3, an alkyl group or
a phenyl group, a is a number of 0 to 3, b is a number of 0 to 3, c is a 8
SF-749 number of 1 to 3, and d is a number of 0 to 3) or C6HeF(5_ (e is a
number of 0 to 4). When the desired water-repellent porous silica is a
powder, the solution can be dried by spray drying. 5 The
fluorine-containing trialkoxysilane is preferably triethoxyfluorosilane.
The tetraalkoxysilane is preferably tetraethoxysilane. The molar ratio of
the fluorine-containing 10 trialkoxysilane to the tetraalkoxysilane is
preferably in the range of 0.0l to 1.2. The number o. moles of the surface
active agent is preferably in the range of 0.003 to 1 time the sum of the
numbers of moles of the fluorine-containing 15 trialkoxysilane and the
tetraalkoxysilane. The surface active agent is preferably an alkylammonium
salt represented by the following formula: CnH2n+1N (CH3 ) 3X wherein n is
an integer of 8 to 24, and X is a halide ion, 20 HSO4- or an organic anion.
The surface active agent is also preferably a compound having a
polyalkylene oxide structure. The film according to the present invention
is a film comprising the water-repellent porous silica. 9  



SF-749 The thickness of the water-repellent porous silica film is
preferably in the range of 0.01 um to 2.0 mm. The water-repellent porous
silica film can be used as a layer insulation film. 5 The precursor
solution according to the present invention is a precursor solution for
forming the water repellent porous silica. The precursor solution for
forming the water repellent porous silica is obtained by partially 10
hydrolyzing a fluorine-containing trialkoxysilane represented by the
following formula and a tetraalkoxysilane under acidic condition and then
mixing the resulting hydrolysis solution with a surface active agent; 15
(ZO)3SiR wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl,
i-butyl or sec-butyl, and R is a fluorine atom, (CH2) a (CF2) b (O (CF2) c)
dX (X is a fluorine atom, OCF3, OCF (CF3) 2, OC (CF3) 3, an alkyl group or
a phenyl group, a 20 is a number of 0 to 3, b is a number of 0 to 3, c is a
number of 1 to 3, and d is a number of 0 to 3) or C6HeF(5- (e is a number
of 0 to 4). In the precursor solution for the forming water repellent
porous silica, the molar ratio of the fluorine 10   SF-799 containing
trialkoxysilane to the tetraalkoxysilane is preferably in the range of 0.01
to 1.2. In the precursor solution for forming the waterrepellent porous
silica, the number of moles of the 5 surface active agent is preferably in
the range of 0.003 to 1 time the sum of the numbers of moles of the
fluorine-containing trialkoxysilane and the 



tetraalkoxysilane. The surface active agent used for the precursor 10
solution for forming the water-repellent porous silica is preferably an
alkylammonium salt represented by the following formula: CnH2n+1N (CH3 ) 3X
wherein n is an integer of 8 to 24, and X is a halide ion, 15 HS04- or an
organic anion. The surface active agent used for the precursor solution for
forming the water-repellent porous silica is also preferably a compound
having a polyalkylene oxide structure. 20 BEST MODE FOR CARRYING OUT THE
INVENTION The present invention is described in detail hereinafter. 11
SF-749 For preparing water-repellent porous silica having uniform pores,
which comprises silica skeleton wherein fluorine atoms are fixed through
covalent bonds, hydrolysis reaction of a fluorine-containing 5
trialkoxysilane with a tetraalkoxysilane is carried out first. Through the
hydrolysis reaction, the fluorine containing trialkoxysilane and the
tetraalkoxysilane are co-condensed, and fluorine atoms to develop water 10
repellency are highly dispersed and fixed in the copolymer which becomes a
body of a silica film. The hydrolysis is desired to be carried out in the
pH range of 1 to 4. As the pH adjusting agent, any acid is employable, and
examples thereof include hydrochloric 15 acid, hydrobromic acid, nitric
acid and sulfuric acid. Examples of the fluorine-containing
trialkoxysilanes include trimethoxyfluorosilane, triethoxyfluorosilane,
triisopropoxyfluorosilane and tributoxyfluorosilane. In particular, use of
triethoxyfluorosilane is preferable. 



20 The fluorine-containing trialkoxysilanes can be used singly or in
combination of two or more kinds. Examples of the tetraalkoxysilanes
include tetramethoxysilane, tetraethoxysilane, 12   SF-749
tetraisopropoxysilane and tetrabutylsilane. In particular, use of
tetraethoxysilane is preferable. The hydrolysis is carried out by adding a
pH adjusting agent and water to the fluorine-containing 5 trialkoxysilane
and the tetraalkoxysilane. The amount of water added is in the range of
preferably 0.5 to 20 mol based on 1 mol of the alkoxysilane, and the
hydrolysis is desirably conducted at room temperature for several minutes
to 5 hours. 10 The hydrolysis may be conducted in the presence of a
solvent. Examples of the solvents employable include primary alcohols, such
as methanol, ethanol and 1 propanol; secondary alcohols, such as 2-propanol
and 2 butanol; tertiary alcohols, such as tertiary butyl 15 alcohol;
acetone; and acetonitrile. The solvents can be used singly or in
combination of two or more kinds. By changing the molar ratio of the
fluorine containing trialkoxysilane to the tetraalkoxysilane, the amounts
of the fluorine atoms capable of being fixed in 20 the silica skeleton can
be changed. The fluorine content in the silica skeleton can be measured by
elemental analysis. The fluorine content in the silica skeleton is in the
range of preferably 0.3 to 15.0 % by weight, more 13   SF-749 



preferably 0.3 to 10.0 o by weight, particularly preferably 0.5 to 7.0 o by
weight. The crystal structure can be confirmed by X-ray diffractometry. In
order to obtain water-repellent 5 porous silica having a hexagonal periodic
crystal structure and having pores of uniform sizes, the molar ratio of the
fluorine-containing trialkoxysilane to the tetraalkoxysilane is in the
range of preferably 0.0l to 1.2, more preferably 0.01 to 0.5, particularly
preferably 10 0.05 to 0.3. If the molar ratio is less than the lower limit
of the above range, the effect of water repellency cannot be obtained. If
the molar ratio is more than the upper limit of the above range, the pore
sizes become ununiform and a hexagonal periodic crystal structure 15 cannot
be formed occasionally. Even if the molar ratio is in the above range, a
periodic crystal structure having microscopically hexagonal system formed
by variation of the arrangement at short intervals but having no
distinguishable peak found by X-ray 20 diffractometry, namely, a crystal
structure of so-called irregular arrangement is obtained depending upon the
preparation conditions. Even in this case, however, the resulting silica
has uniform pores having equal sizes. 14   SF-749 The alkali metal present
in the silica, even in a slight amount, hinders application of the silica
to an electron functional material, so that the amount of the alkali metal
contained in the silica is desired to be as 5 small as possible. More
specifically, the content of the alkali metal in the water-repellent porous
silica is preferably not more than 10 ppb. The influence of the alkali
metal can be generally judged by measuring 



electrical properties of a film or the like produced from 10 the silica.
After the hydrolysis reaction of the fluorine containing trialkoxysilane
with the tetraalkoxysilane, a surface active agent is added, and the
mixture is stirred for preferably several minutes to 5 hours, whereby a 15
precursor solution for forming water-repellent porous silica can be
obtained. It is desirable to use a compound having a long chain alkyl group
and a hydrophilic group as the surface active agent. The long-chain alkyl
group is preferably 20 one having 8 to 24 carbon atoms. Examples of the
hydrophilic groups include a quaternary ammonium salt, an amino group, a
nitroso group, a hydroxyl group and a carboxyl group. Specifically, it is
preferable to use an alkylammonium salt represented by the following
formula: 15   SF-749 CnH2n+1N ( CH3 ) 3X wherein n is an integer of 8 to
24, and X is a halide ion, HSO4- or an organic anion. By changing the molar
ratio between the surface 5 active agent added and the alkoxysilane, the
crystal structure of the resulting water-repellent porous silica can be
controlled. When the surface active agent is an alkylammonium salt, the
number of moles of the surface active agent is 10 in the range of
preferably 0.03 to 1 time, more preferably 0.05 to 0.2 time, the sum of the
numbers of moles of the fluorine-containing trialkoxysilane and the
tetraalkoxysilane. If the amount of the surface active agent is smaller
than the above amount, extra silica 15 incapable of contributing to self
organization is present 



and the porosity is markedly lowered. If the amount of the surface active
agent is larger than the above amount, a hexagonal periodic crystal
structure having uniform pores cannot be formed, resulting in disadvantages
such 20 as disintegration of the structure during the calcining. As the
surface active agent, a compound having a polyalkylene oxide structure is
also employable. Examples of the polyalkylene oxide structures include
polyethylene oxide structure, polypropylene oxide 16   SF-749 structure,
polytetramethylene oxide structure and polybutylene oxide structure.
Examples of such compounds include ether type compounds, such as
polyoxyethylene/polyoxypropylene block copolymer, 5 polyoxyethylene
polyoxypropylene alkyl ether, polyethylene alkyl ether and polyoxyethylene
alkyl phenyl ether; and ether ester type compounds, such as polyoxyethylene
glycerine fatty acid ester, polyoxyethylene sorbitan fatty acid ester,
polyethylene 10 sorbitol fatty acid ester, sorbitan fatty acid ester,
propylene glycol fatty acid ester and sucrose fatty acid ester. When the
surface active agent is a compound having a polyalkylene oxide structure,
the number of moles of the 15 surface active agent is in the range of
preferably 0.003 to 0.05 time, more preferably 0.005 to 0.03 time, the sum
of the numbers of moles of the fluorine-containing trialkoxysilane and the
tetraalkoxysilane. If the amount of the surface active agent is smaller
than the above 20 amount, extra silica incapable of contributing to self
organization is present and the porosity is markedly lowered occasionally.
If the amount of the surface 



active agent is larger than the above amount, a hexagonal periodic crystal
structure having uniform pores cannot be 17   SF-749 formed, resulting in
disadvantages such as disintegration of the structure during the removal of
the surface active agent. The surface active agent may be added in the form
of S a solid or a solution obtained by dissolving the surface active agent
in a solvent or a hydrolysis solution of alkoxysilane. The precursor
solution obtained by the addition of the surface active agent is dried, and
then the surface 10 active agent is removed by calcining or extraction,
whereby water-repellent porous silica can be obtained. With the precursor
solution, a substrate is coated, and the solution is dried. Then, the
surface active agent is removed by calcining or extraction, whereby a 15
water-repellent porous silica film can be obtained. The drying conditions
are not specifically restricted, and any condition is available as far as
the solvent can be evaporated. When the desired water repellent porous
silica is a powder, the solution is 20 preferably dried by spray drying.
Likewise, the calcining conditions are not specifically restricted, and any
temperature is available as far as the surface active agent can be removed
at that 18   SF-749 temperature. The calcining may be carried out in the
atmosphere or inert gas, or in vacuo. 



The porous silica obtained as above is applicable to a catalyst carrier or
a filler. 5 The porous silica film obtained as above exhibits high water
repellency and high transparency even when it is in a self-supporting state
or it is bonded to a substrate, and hence the film is applicable to a light
functional material or an electron functional material, 10 such as layer
insulation film, electron recording medium, transparent conductive film,
solid electrolyte, light wave-guiding channel or color member for LCD.
Particularly, the layer insulation film needs to have strength, heat
resistance and low dielectric constant 15 (high porosity), and the
water-repellent porous silica film having such uniform pores is promising.
The term "water repellency" used herein means such a state that even if
operations consisting of sufficiently exposing porous silica in the form of
a film or a powder 20 to a nitrogen atmosphere at a temperature of 25C and
a relative humidity of 90 % and then putting it back in a dry nitrogen
atmosphere are repeated, the porous silica is substantially free from
weight change or structure disintegration due to water adsorption.
Therefore, small 19   SF-749 change in weight due to water adsorption means
high water repellency, and hence the weight change is preferably as small
as possible, particularly preferably not more than 3 % by weight. 5 As the
substrate on which a film of the water repellent porous silica is formed,
any material that is generally used is employable. Examples of the
substrates include glass, quarts, silicon wafer and stainless steel. The
substrate may have any shape such as a shape of plate 



10 or dish. Examples of methods for coating the substrate include general
ones such. as spin coating, cast coating and dip coating. In case of spin
coating, the substrate is placed on a spinner, then a sample is dropped on
the 15 substrate, and the substrate is rotated at 500 to 10000 rpm, whereby
a water-repellent silica film having a uniform thickness can be obtained.
EXAMPLE 20 The present invention is further described with reference to the
following examples. Moisture adsorption test In the examples, the moisture
adsorption test was carried out in the following manner. 20   SF-749 First,
a specimen was calcined at 400C and then allowed to stand still in a stream
of dry nitrogen at room temperature until a constant weight was reached.
Next, the specimen was allowed to stand still in a 5 nitrogen atmosphere
for 10 minutes at a relative humidity of 90 %. Then, the specimen was put
back in a stream of dry nitrogen again and allowed to stand sill until a
constant weight was reached. These operations were repeated 20 times, and
when a constant weight was reached 10 in the stream of dry nitrogen, the
weight was measured. A difference between the measured weight and the
initial weight was calculated to determine weight change. Increase in the
weight of the specimen in this moisture adsorption test means increase in
the adsorbed 15 water of the specimen, and small change in weight means
high water repellency. Example 1 



Tetraethoxysilane (7.0 g), triethoxyfluorosilane 20 (0.3 g) and 1-propanol
(17 ml) were mixed and stirred. To the mixture, 0.4 ml of 1N hydrochloric
acid and 2.0 ml of water were added, followed by further stirring. Then,
9.0 ml of 2-butanol was added, and the mixture was mixed with a solution of
0.95 g of cetyltrimethylammonium 21   SF-749 5 chloride in 4.5 ml of water
After stirring for 2 hours, a transparent homogeneous precursor solution
was obtained. Several droplets of the precursor solution were placed on a
surface of a glass plate, and the glass plate was rotated at 2000 rpm for
10 seconds to form a film on the glass plate surface. By the X-ray
diffractometry, the film obtained was found to have a structure of periodic
arrangement having a spacing of 3.5 nm. By the X-ray diffractometry,
further, the film was 10 15 found to retain a structure of periodic
arrangement having a spacing of 2.9 nm even after drying and then calcining
at 400C, and it was confirmed from a sectional photograph of the film that
the pores had a hexagonal arrangement structure. As a result of measurement
of a film thickness by a film thickness meter, the film proved to have a
uniform thickness of 0.2 um. In the moisture adsorption test of the film,
the weight change was substantially 0 $ by weight, and this film proved to
be a porous film having high water repellency. 20 Then, the porous film was
saturated with water and allowed to adsorb water in a humidifier at 40C for
24 



hours, followed by heating under vacuum. The amount of water liberated by
the heating under vacuum was analyzed by a quadrupole mass spectrometer
(referred to as a "Q 22   SF-799 mass" hereinafter). As a result, water
liberation was not observed, and from this, it was confirmed that water was
not substantially adsorbed inside the film pores. 5 Comparative Example 1 A
film was formed on a glass plate in the same manner as in Example 1, except
that triethoxyfluorosilane was not added. By the X-ray diffractometry, the
film was found to have a structure of periodic arrangement having 10 a
spacing of 2.8 nm after calcining at 400C, and it was confirmed from a
sectional photograph of the film that the pores had a hexagonal arrangement
structure. In the moisture adsorption test of the film, the weight
gradually increased, and a weight change of 8 % by weight 15 was observed
after the completion of 20 times of the operations. From this result, it
was confirmed that the film had poor water repellency and water was
adsorbed by the film. Then, the porous film was saturated with water and 20
allowed to adsorb water in a humidifier at 40C for 24 hours, followed by
heating under vacuum. The amount of water liberated by the heating under
vacuum was analyzed by a Q-mass. As a result, water liberation was great,
23   SF-749 and from this, it was confirmed that water was adsorbed inside
the film pores. Example 2 



5 A precursor solution prepared in the same manner as in Example 1 was
subjected to spray drying to obtain a dry powder. By the X-ray
diffractometry, the powder obtained was found to have a periodic hexagonal
arrangement structure having a spacing of 3.5 nm. By the 10 X-ray
diffractometry, further, the powder was found to retain a periodic
hexagonal structure having a spacing of 2.8 nm even after drying and then
calcining at 400C. Moreover, it was confirmed by the elemental analysis
that fluorine atoms were present in the powder in amounts of 15 1.04 o by
weight and the amounts of sodium atoms were below the limit of detection
(below 10 ppb). In the moisture adsorption test of the powder, the weight
change was substantially 0 o by weight, and this powder proved to be porous
silica having high water repellency. 20 Then, the powder was saturated with
water and allowed to adsorb water in a humidifier at 40C for 24 hours,
followed by heating under vacuum. The amount of water liberated by the
heating of the powder under vacuum was analyzed by a Q-mass. As a result,
water liberation 24   SF-749 was not observed, and from this, it was
confirmed that water was not substantially adsorbed inside the powder
pores. 5 Comparative Example 2 Into a solution of 2.16 g of sodium
hydroxide in 90 g of water, 6 g of silica was introduced, and they were
stirred at 80C for 2 hours. To the solution, 18.2 g of
cetyltrimethylammonium bromide was added, followed by 10 stirring at room
temperature for 1 hour. To the solution, a solution of 0.68 g of 40 wt%
hydrofluoric acid in 90 g of water was further added. The mixture was
stirred at room temperature for 2 hours and then allowed to stand at 100C
for 3 days in an autoclave to prepare a powder. 15 The powder was filtered,
washed with a large amount of water, dried at 100C for one day and night
and calcined at 550C for 10 hours in air. By the X-ray diffractometry, the
powder obtained was found to have a periodic hexagonal structure having a
spacing of 3.4 nm. 20 Further, it was confirmed by the elemental analysis
that fluorine atoms were contained in amounts of 0.68 % by weight and
sodium atoms were contained in amounts of 6.0 ppm in the powder. 25
SF-749 



Example 3 A film formed in the same manner as in Example 1 was dried, and
then extraction of the surface active agent was carried out using an
ethanol solvent. By the X-ray 5 diffractometry, the film obtained was found
to retain a structure of periodic arrangement having a spacing of 3.6 nm
after the extraction, similarly to Example 1. As a result of measurement of
a film thickness by a film thickness meter, the film proved to have a
uniform 10 thickness of 0.2 pm. In the moisture adsorption test of the
film, the weight change was substantially 0 % by weight, and this film
proved to be a porous film having high water repellency. Then, .the film
was saturated with water and allowed 15 to adsorb water in a humidifier at
40C for 24 hours, followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a Q-mass. As a
result, water liberation was not observed, and from this, it was confirmed
that water was not 20 substantially adsorbed inside the film pores. Example
4 Several droplets of a precursor solution prepared in the same manner as
in Example 1 were placed on a surface 26   SF-799 of an acetyl cellulose
film, and the acetyl cellulose film was rotated at 2000 rpm for 10 seconds
to form a film on the acetyl cellulose film surface. After drying at room
temperature, the acetyl cellulose film was 5 dissolved with methyl acetate
to obtain a transparent self-supporting film. By the X-ray diffractometry,
the self-supporting film obtained was found to have the same structure as
that of Example 1. 



10 Example 5 A film was formed in the same manner as in Example 1, except
that the amount of cetyltrimethylammonium chloride was changed to 1.75 g
from 0.95 g. By the X-ray diffractometry, the film obtained was found to
have a 15 periodic cubic structure. In the moisture adsorption test of the
film, the weight change was substantially 0 by weight, and this film proved
to be a porous film having high water repellency. Then, the film was
saturated with water and allowed 20 to adsorb water in a humidifier at 40C
for 24 hours, followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a Q-mass. As a
result, water liberation was not observed, 27   SF-749 and from this, it
was confirmed that water was not substantially adsorbed inside the film
pores. Example 6 5 A film was formed in the same manner as in Example 1,
except that the amount of cetyltrimethylammonium chloride was changed to
0.75 g from 0.95 g. Although a regular structure was not confirmed by the
X-ray diffractometry, it was confirmed from a sectional photograph of the
film 10 that the film had a structure of worm-like arrangement. In the
moisture adsorption test of the film, the weight change was substantially 0
o by weight, and this film proved to be a porous film having high water
repellency. Then, the film was saturated with water and allowed 15 to
adsorb water in a humidifier at 40C for 24 hours, followed by heating under
vacuum. The amount of water liberated by the heating under vacuum was
analyzed by a Q-mass. As a result, water liberation was not observed, 



and from this, it was confirmed that water was not 20 substantially
adsorbed inside the film pores. Example 7 Tetraethoxysilane (10.0 g),
triethoxyfluorosilane (0.5 g) and ethanol (50 ml) were mixed and stirred.
To 28   SF-749 the mixture, 1:0 ml of 1N hydrochloric acid and 10.0 ml of
water were added, followed by further stirring for 1 hour. Then, the
mixture was mixed with a solution of 2.8 g of a poly(alkylene oxide) block
copolymer (Pluronic 5 P123, available from BASF, HO (CH0CH2O) 20 (CH2CH
(CH3) O) 70 (CH2CH2O) 20H) in 60 ml of ethanol. After stirring for 2 hours,
a transparent homogeneous precursor solution was obtained. Several droplets
of the precursor solution were placed on a 10 surface of a glass plate, and
the glass plate was rotated at 2000 rpm for 10 seconds to form a film on
the glass plate surface. By the X-ray diffractometry, the film obtained was
found to have a structure of periodic arrangement having a spacing of 5.4
nm. By the X-ray 15 diffractometry, further, the film was found to retain a
structure of periodic arrangement having a spacing of 5.0 nm even after
drying and then calcining at 400C, and it was confirmed from a sectional
photograph of the film that the pores had a hexagonal arrangement
structure. As 20 a result of measurement of a film thickness by a film
thickness meter, the film proved to have a uniform thickness of 0.1 um. In
the moisture adsorption test of the film, the weight change was
substantially 0 % by 29   SF-749 weight, and this film proved to be a
porous film having high water repellency. 



Then, the porous film was saturated with water and allowed to adsorb water
in a humidifier at 40C for 24 5 hours, followed by heating under vacuum.
The amount of water liberated by the heating under vacuum was analyzed by a
Q-mass. As a result, water liberation was not observed, and from this, it
was confirmed that water was not substantially adsorbed inside the film
pores. 10 Comparative Example 3 A film was formed on a glass plate in the
same manner as in Example 7, except that triethoxyfluorosilane was not
added. By the X-ray diffractometry, the film was 15 found to have a
structure of periodic arrangement, and it was confirmed from a sectional
photograph of the film that the pores had a hexagonal arrangement
structure. In the moisture adsorption test of the film, the weight
gradually increased, and a weight change of 9 o by weight 20 was observed
after the completion of 20 times of the operations. From this result, it
was confirmed that the film had poor water repellency and water was
adsorbed by the film. 30   5F-749 Then, the porous film was saturated with
water and allowed to adsorb water in a humidifier at 40C for 24 hours,
followed by heating under vacuum. The amount of water liberated by the
heating under vacuum was analyzed 5 by a Q-mass. As a result, water
liberation was great, and from this, it was confirmed that water was
adsorbed inside the film pores. Example 8 10 A precursor solution prepared
in the same manner as in Example 7 was subjected to spray drying to obtain
a dry powder. By the X-ray diffractometry, the powder obtained was found to
have a structure of periodic arrangement having a spacing of 5.3 nm. By the
X-ray 15 diffractometry, further, the powder was found to retain a periodic
hexagonal structure having a spacing of 4.9 nm even after drying and then
calcining at 400C. Moreover, it was confirmed by the elemental analysis
that fluorine atoms were present in the powder in amounts of 1.36 o by 20
weight and the amounts of sodium atoms were below the limit of detection
(below 10 ppb). Example 9 



31   SF-749 A film formed in the same manner as in Example 7 was dried, and
then extraction of the surface active agent was carried out using an
ethanol solvent. By the X-ray diffractometry, the film obtained was found
to retain a 5 structure of periodic arrangement having a spacing of 5.4 nm
after the extraction, similarly to Example 7. As a result of measurement of
a film thickness by a film thickness meter, the film proved to have a
uniform thickness of 0.1 um. In the moisture adsorption test of 10 the
film, the weight change was substantially 0 o by weight, and this film
proved to be a porous film having high water repellency. Then, the film was
saturated with water and allowed to adsorb water in a humidifier at 40C for
24 hours, 15 followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a Q-mass. As a
result, water liberation was not observed, and from this, it was confirmed
that water was not substantially adsorbed inside the film pores. 20 Example
10 Several droplets of a precursor solution prepared in the same manner as
in Example 7 were placed on a surface of an acetyl cellulose film, and the
acetyl cellulose 32   SF-749 film was rotated at 2000 rpm for 10 seconds to
form a film on the acetyl cellulose film surface. After drying at room
temperature, the acetyl cellulose film was 



dissolved with methyl acetate to obtain a transparent 5 self-supporting
film. By the X-ray diffractometry, the self-supporting film obtained was
found to have the same structure as that of Example 7. Example 11 10
Several droplets of a precursor solution prepared in the same manner as in
Example 1 were placed on a low resistance p type silicon wafer for
dielectric constant measurement, and the silicon wafer was rotated at 2000
rpm for 10 seconds to form a film. By the X-ray 15 diffractometry, the film
was found to retain a structure of periodic arrangement having a spacing of
2.9 nm after calcining at 400C, and it was confirmed from a sectional
photograph of the film that the pores had a hexagonal arrangement
structure. 20 Then, front and back surface electrodes were formed by
deposition, and a dielectric constant was measured in a nitrogen atmosphere
under the condition of a frequency of 1 MHz. As a result, the mean
dielectric constant was 2.4 in the 10-point measuring method. 33   SF-749
Comparative Example 4 A dielectric constant of a porous silica film
obtained in the same manner as in Comparative Example 1 5 was measured. The
measurement was made in the same manner as in Example 11. As a result, the
dielectric constant was 3.5. Example 12 10 Several droplets of a precursor
solution prepared in the same manner as in Example 1 were placed on a
surface of a silicon wafer of a transistor provided with a source/drain
region and a gate electrode, and the transistor was rotated at 2000 rpm for
10 seconds to coat 15 the silicon wafer with the precursor solution.
Thereafter, the coating film was heated at 400C for 1 



hour in a nitrogen atmosphere to obtain a layer insulation film. A
sectional photograph of the layer insulation film was observed, and as a
result, it was 20 confirmed that the layer insulation film was a porous
silica film having a spacing of about 3 nm and having pores with a periodic
hexagonal arrangement structure. EFFECT OF THE INVENTION 34   SF-749 A
water-repellent porous silica having uniform pores, that is applicable to a
light functional material or an electron functional material, and a process
for preparing the water-repellent porous silica can be provided by the 5
present invention. The water-repellent porous silica film according to the
present invention can retain a periodic structure of pores by virtue of its
water repellency, and as a result, the dielectric constant can be lowered.
Therefore, the 10 water-repellent porous silica film is favorable as a
layer insulation film. INDUSTRIAL APPLICABILITY The water-repellent porous
silica film of the 15 invention can retain a periodic structure of pores by
virtue of its water repellency, and has an alkali metal content of not more
than 10 ppb. Hence, the water repellent porous silica film is applicable to
a catalyst carrier, an adsorbent, a light functional material, an 20
electron functional material and the like. Moreover, by virtue of the water
repellency, the dielectric constant can be lowered, so that the
water-repellent porous silica film is particularly useful as a layer
insulation film of a semiconductor or the like. 25 35   



SF-749  What is claimed is: 1. Water-repellent porous silica having uniform
pores, which contains fluorine atoms fixed in the silica skeleton through
covalent bonds and has an alkali metal 5 content of not more than 10 ppb.
2. The water-repellent porous silica as claimed in claim 1, wherein the
fluorine content in the silica skeleton is in the range of 0.3 to 15.0 o by
weight. 10 3. The water-repellent porous silica as claimed in claim 1 or 2,
which has pores having a mean pore size of 1.3 to 10 nm and has a periodic
crystal structure of hexagonal system when examined by X-ray
diffractometry. 15 4. The water-repellent porous silica as claimed in claim
1 or 2, which has pores having a mean pore size of 1.3 to 10 nm and has a
crystal structure of irregular arrangement. 20 5. A process for preparing
the water-repellent porous silica of any one of claims 1 to 4, comprising
the steps of partially hydrolyzing a fluorine-containing trialkoxysilane
represented by the following formula and 36   SF-749  a tetraalkoxysilane
under acidic condition, then drying a solution resulting from the
hydrolysis and mixed with a surface active agent, and performing calcining
or extraction; 5 (ZO)3SiR wherein Z is methyl, ethyl, n-propyl, i-propyl,
n-butyl, t-butyl, i-butyl or sec-butyl, and R is a fluorine atom, (CH2) a
(CF2) b (O (CF2) c) dX (X is a fluorine atom, OCF3, OCF (CF3) 2, ~OC (CF3)
3, an alkyl group or a phenyl group, a 10 is a number of 0 to 3, b is a
number of 0 to 3, c is a number of 1 to 3, and d is a number of 0 to 3) or
C6HeF(5_ (e is a number of 0 to 4). 6. The process for preparing the
water-repellent 15 porous silica as claimed in claim 5, wherein the
solution is dried by spray drying. 7. The process for preparing the
water-repellent porous silica as claimed in claim 5 or 6, wherein the 20
fluorine-containing trialkoxysilane is triethoxyfluorosilane. 37 



SF-799  8. The process for preparing the water-repellent porous silica as
claimed in claim 5 or 6, wherein the tetraalkoxysilane is
tetraethoxysilane. 5 9. The process for preparing the water-repellent
porous silica as claimed in claim 5 or 6, wherein the molar ratio of the
fluorine-containing trialkoxysilane to the tetraalkoxysilane is in the
range of 0.01 to 1.2. 10 10. The process for preparing the water-repellent
porous silica as claimed in claim 5 or 6, wherein the number of moles of
the surface active agent is in the range of 0.003 to 1 time the sum of the
numbers of moles of the fluorine-containing trialkoxysilane and the 15
tetraalkoxysilane. 11. The process for preparing the water-repellent porous
silica as claimed in claim 5 or 6, wherein the surface active agent is an
alkylammonium salt represented 20 by the following formula: CnH2n+1N ( CH3
) 3X wherein n is an integer of 8 to 24, and X is a halide ion, HSO4- or an
organic anion. 38   SF-749  12. The process for preparing the
water-repellent porous silica as claimed in claim 5 or 6, wherein the
surface active agent is a compound having a polyalkylene oxide structure. 5
13. A film comprising the water-repellent porous silica of any one of
claims 1 to 4. 14. The film as claimed in claim 13, which has a 10
thickness of 0.01 um to 2.0 mm. 15. A layer insulation film comprising the
film of claim 13 or 14. 15 16. A precursor solution for forming
waterrepellent porous silica, which is obtained by partially hydrolyzing a
fluorine-containing trialkoxysilane represented by the following formula
and a tetraalkoxysilane under acidic condition and then mixing 20 the
resulting hydrolysis solution with a surface active agent; (ZO)3SiR 



wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i-butyl
or sec-butyl, and R is a fluorine atom, 39   SF-749 (CH2)a(CF2)b(O(CF2)c)dX
(X is a fluorine atom, OCF3, OCF (CF3) 2, OC (CF3) 3, an alkyl group or a
phenyl group, a is a number of 0 to 3, b is a number of 0 to 3, c is a
number of 1 to 3, and d is a number of 0 to 3) or CgHeF(5_ 5 e~ (e is a
number of 0 to 4). 17. The precursor solution for forming water repellent
porous silica as claimed in claim 16, wherein the molar ratio of the
fluorine-containing 10 trialkoxysilane to the tetraalkoxysilane is in the
range of 0.0l to 1.2. 18. The precursor solution for forming water
repellent porous silica as claimed in claim 16, wherein 15 the number of
moles of the surface active agent is in the range of 0.003 to 1 time the
sum of the numbers of moles of the fluorine-containing trialkoxysilane and
the tetraalkoxysilane. 20 19. The precursor solution for forming water
repellent porous silica as claimed in claim 16, wherein the surface active
agent is an alkylammonium salt represented by the following formula:
CnH2n+1N ( CH3 ) 3X 40   SF-749 wherein n is an integer of 8 to 24, and X
is a halide ion, HSO4- or an organic anion. 20. The precursor solution for
forming water 5 repellent porous silica as claimed in claim 16, wherein the
surface active agent is a compound having a polyalkylene oxide structure.
41
.A.A.A3A.A[.As.A.As.As.As.AsU.ALy.AA.A`.As&.A`.Asn.As.AL.A`.&.A`&.A`.AsH.As
.A9U.AL&.As.L.AL.&.A9..AL.9.A&h.A`U&.A`.9.ALUL.ALU&.AL9.AL.&.A&.A&.AUL.A`UL
.A[sH_aq=y),aK1hzupkfa\W]ca]ca]ca]ca]ca]c:a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca!-]49ln U   



9o<t
|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca! C O
-7b?vOj3k=}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!=x0iT6e"%7Q)c|wrmhc^Y]]ca]ca]c
a]ca]ca]ca]ca]caV]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!3fF0jF!Nzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]
ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca!X4h R
!9!m!!!!!"G"""""*#d##|wrmhc^Y]]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]ca]ca]ca]ca]ca]ca]ca]ca]ca!##
$<$p$u$|$$$%U%%%%
&X&&&&7'q''''(9(F(u(((%)*)1)h)}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!h)i)l))))
**,*=*N*a*r*t*****)+c++++++
,3,n,,,,,-N-}xsnid_Z]]]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]ca]ca]ca]ca]ca]ca!N-S-Z------.D.}....*/U/////0
K0000518191T111112}xsnid_Z]]]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]ca]ca]ca]ca]ca]ca]ca]ca!22'3:3j334<4Z445525_5l
5r5y5556A6{66667P7777%8_888|wrmhc^Y]]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]ca]ca]ca!89;
9s99999::#:0:R:d:::;9;s;
;;;(<[<t<<<<<=5=b===}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!=>C>|>>>>>?F?y???@T@
@@A9AoAAABDBxBBBCOCCCCCC}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!C4DmDDDEEEEEEE0F
eFFFF
GWGGGGG3H4HlHrHyHHHHHHIJI}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!JIIIIJ4JkJJJKMK
KKK,LhLLLM2M8M?MqMsMMMMN2NlNNNNO}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!O8OqOxOO
O"P\PPPP8QmQQQRR!R[RRRRSBSPSSSTSSSS)T]TTT}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
!TT*U5U6UcUUUUVUVVVVVV,WLWWWW#X[XXXX2YhYYYYZ=ZvZ}xsnid_Z]]]ca]ca]ca]ca]ca]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]c
a]ca]ca!vZZZ![W[[[[[\I\K\L\X\\\\4]n]z]]]^Q^^^^^_C_\____}xsnhc^Y]]ca]ca]ca]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!___'`]```a9alaaabLb{bbbcc@czccc&dWdZd`dgdiddddeJe|wrmhc^Y]]c
a]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]
ca]ca]ca]ca]ca]ca]ca]ca!JeeeefLfOfRffff,gcggghAhkhhhiHiiiiii2j4jJjyjjj%k}xs
mhc^Y]]ca]ca]ca]ca]c^a]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]ca!%kakkkl;
lsllll!m[mmmnnn]ngnoprrrr*s1s3sIs}sss#t}t|wqlgb]X]]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!}t~ttt u@uzuuuvOvvvv www$wYwwwx;xqxxxyHyyyyz;
zsz|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!szzz{{N{{{{{|8|k|||}3}6}@}v}}}~N~~~~
E{{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!+YcD}&_:rIOV35R{vqlgb]X]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca!,i=x!Z39@x2k"Q}wrmhc^Y]]]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O@
J([N{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]
ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!-` @FM$]/g
C}:s|wrmhc^Y]]]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]c^a]ca]ca]ca]ca]ca!"ZR#Z.h#]zupkfa\V]c^a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c^
a]ca]ca]ca!*c>y%BEKRSg+6HUX/5<=}xsnid_Z]c^]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!=HIw{|UV
YtA'=}xsnid_Z]c^]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]ca]ca]ca]ca]ca!KMNflst&(}KR[D}xsnid_Z]c^]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!DFC}D}xsnid_Z]c^]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]caH_aq~_@&@10%-u&'()-
s10%-u&'()-F10%-u&'()-!P&10%&'()-!S&10%&'()-&10%-&&'()-q=ydE10%-u&'()-
4"10%-u&'()- f 10%-u&'()-L10%-u&'()-
`10%-u&'()-FM10%-u&'()-)adE,10%-u&'()-*10%-u&'()-(G10%-u&'()-
f&10%-u&'()-`$10%-u&'()-LY"10%-u&'()-KdE910%-u&'()-710%-u&'()-y5f
10%-u&'()-L310%-u&'()-`1 10%-u&'()- /10%-u&'()- 1hrS4&10%-u&'()-&
10%-u&'()-910%-u&'()-!kS10%uu&'()- 10uu 10uu
10uu!<10%uu&'()--]dErS4&1010%-u&'()-&10%-u&'()-&10%-u&'()-l10%-u&'()-3,9!10
%-u&'()- &&@10%-u&'()-9ldErS4&10&10%-u&'()-$310%-u&'()-Y"10%-u&'()-&,
F10%-u&'()- & 10%-u&'()-s!10%-u&'()-  U  



9dErS4&10s3S 10%-u&'()-31!10%-u&'()- ,/S 10%-u&'()--'10%-u&'()-*z
10%-u&'()-(s10%-u&'()-9obC&13M10%&'()-M&10%&'()- 10-u 10-u
10-u>s10%-u&'()-710%-u&'()-510%-u&'()-<tdEbC&1F&10%&'()- ,
10%&'()-10%&'()-10%&'()- 10%&'()-Y10%&'()- O    -dEbC&1
10%&'()-10%&'()-!10%&'()-
10%&'()-10%&'()-s10%&'()--b?vdEbC&1,10%&'()-*G10%&'()-(10%&'()-y&10%&'()-s$
10%&'()-F"10%&'()-vOdEbC&1910%&'()-7g
10%&'()-y5T10%&'()-`310%&'()-3110%&'()-/10%&'()-3k~_@&Y10%<&'()-
M10%<&'()-f10%<&'()-!10% < <&'()- 10 10 10=`10%&'()-k=xdE~_@&y
10%<&'()-&!10%<&'()- y 10%<&'()- 10%<&'()- @10%<&'()-&Y10%<&'()-
0idE~_@&-10%<&'()-*10%<&'()- (10%<&'()-& "10%<&'()- &z 10%&'()-Fz
10%<&'()-TdE~_@&9f 10%<&'()-710%<&'()-5f
10%<&'()-s310%<&'()-`F1`10%<&'()-,/L10%<&'()-6ebC&10%&'()-
M10%&'()-10%&'()-&10%&'()- 10< 10< 10<>s10%<&'()-e"QdEbC&10%&'()-10%&'()-
s10%&'()-310%&'()- @!10%&'()-&F10%&'()-)cdEbC&&!10%&'()-$10%&'()-l"z
10%&'()- S g 10%&'()-&10%&'()-z 10%&'()- 3fdEbC&3G10%&'()-sF1f#10%&'()-
,/10%&'()--Z10%&'()-*10%&'()- (10%&'()-FxmbC&&10%z&'()- 10 



10 10>s10%&'()-: 10%&'()-7@ 10%&'()-510%&'()-0jdEmbC&Y10%z&'()-
S!10%z&'()-9310%z&'()-  y 10%z&'()- 10%z&'()-10%z&'()-F!NdEmbC&f
10%z&'()-9'10%z&'()-z 10%z&'()- Y10%z&'()-y
10%z&'()-L10%z&'()-NXdEmbC&-10%z&'()-*z
10%z&'()-(10%z&'()-&!10%z&'()-$@10%z&'()-l"10%z&'()-4hdEmbC&:10%z&'()-710%z
&'()-510%z&'()-310%z&'()-Y1Z10%z&'()-@/g 10%z&'()- R  bC&  10%&'()- y
10%&'()- 10%&'()-10%&'()- 10z 10z 10z,>s10%z&'()-   !9!m!!dEbC&
3"10%&'()-10%&'()-`10%&'()-10%&'()-fZ"10%&'()-
9M10%&'()-!!"G""""dEbC&(:10%&'()-&"10%&'()-$10%&'()-"10%&'()-y
'10%&'()-LZ10%&'()-""*#d### $dEbC&5g10%&'()-3g 10%&'()-sl1!10%&'()-S/g
10%&'()-9-10%&'()-+310%&'()- $<$p$r$s$t$u$|$$bC&10%&'()- &10%&'()- 10 10
10,>s10%&'()- :10%&'()-710%&'()-$$%U%%%%dEbC&910%&'()-&10%&'()- S!10%&'()-
9 10%&'()-   10%&'()- y 10%&'()-% &X&&&&7'dEbC&"10%&'()-f
10%&'()-L10%&'()-!10%&'()- 10%&'()-10%&'()- 7'q''''(9(dEbC&@/10%&'()--
10%&'()-+-10%&'()-(10%&'()-&!10%&'()-$g 10%&'()-9(u(((%)')()))*)dYNC& 10 10
10,>s10%&'()-710%&'()-5310%&'()-310%&'()-sY1 "10%&'()-
*)1)l))))*aBYNC&S10%&'()-9G10%&'()- 10%&'()-!  10%==&'()-g 10%&'()-
10%&'()-*=*a*t****dEYNC&910%&'()-"10%&'()-10%&'()-
10%&'()-10%&'()-10%&'()-*)+c++++
,dEYNC&+10%&'()-(@10%&'()-&10%&'()-$`10%&'()-"z 10%&'()-f m10%&'()-
,3,n,,,,-dEYNC&7&10%&'()-5g10%&'()-3l10%&'()-sY110%&'()-@/!10%&'()-&-10%&'(
)--N-P-Q-R-S-Z---bC& 10%&'()-10%&'()-10%&'()- 10 



10 10>s10%&'()-: 10%&'()---.D.}...dEbC&10%&'()-l 10%&'()-10%&'()-
fl10%&'()-L910%&'()-  10%&'()-..*/U////dEbC&$:10%&'()-"G10%&'()-y
10%&'()-L10%&'()-10%&'()-
910%&'()-//0K0000dEbC&sl1!10%&'()-S/G10%&'()-&-10%&'()-+10%&'()-(10%&'()-&1
0%&'()-091T1111111aVK@& 10 10 10,>10%&'()- :S
10%&'()-7&10%&'()-!510%33&'()-3@ 10%&'()- 112+222'3{Y:VK@sM10%&'()-!
!10%&'()-`!P  !10%&'()-`
!10%&'()-`y10%&'()-!Ly10%&'()-'3:3j334<4Z4~_@VK@y&10%&'()- F"!10%&'()-
F"!10%&'()-!N"10%&'()--10%&'()-10%&'()-Z445525_5l5dEVK@710%&'()-510%&'()-
`310%&'()-s 110%&'()-*T 10%&'()-(10%&'()-l5o5p5q5r5y5556bC 10%z&'()-
10%z&'()-m10%z&'()-10%z&'()- 10 10
10=10%&'()-6A6{66667dEbC10%z&'()-10%z&'()--10%z&'()-&10%z&'()-
S9!10%z&'()-910%z&'()-7P7777%8_8dEbC& 10%z&'()-$10%z&'()-"10%z&'()-S
10%z&'()-910%z&'()-10%z&'()-_8889;9s99dEbC310%z&'()-Y110%z&'()-@/
10%z&'()-&-10%z&'()-*s10%z&'()-(z10%z&'()-9999999:0:bC10%&'()-10%&'()- 10z
10z 10z>10%z&'()-7M10%z&'()-510%z&'()-0:d:::;9;s;dEbCg
10%&'()-G10%&'()-fm"10%&'()-L10%&'()-  10%&'()- 10%&'()-s;
;;;(<[<<dEbC"G10%&'()-f Z10%&'()-910%&'()-"10%&'()-
10%&'()-10%&'()-<<=5=b===dEbCS/F10%&'()-&-10%&'()-+10%&'()-(10%&'()-&
"10%&'()-$Z10%&'()-=>C>|>>>>>>dYNC 10 10 10,>10%&'()-710%&'()-5S
10%&'()-310%&'()-`l1"10%&'()->>>?F?y??dEYNC y10%&'()-`10%&'()-3
10%&'()-410%&'()-L10%&'()- &10%&'()-??@T@@@AdEYNC L10%&'()- 3!10%&'()-f
10%&'()- G10%&'()-310%&'()-10%&'()-A9AoAAABDBdEYNC
+10%&'()-(10%&'()-&!10%&'()-$10%&'()-"'10%&'()-y 10%&'()-DBxBBBCOCCdEYNC
7`10%&'()-510%&'()-3g10%&'()-sl13"10%&'()-S/m10%&'()-9-10%&'()-CCCCCCCC4DbC



Z10%&'()- 10%&'()-10%&'()-10%&'()- 10 10 10@>10%&'()-4DmDDDEEEEdEbCz
10%&'()-10%&'()-10%&'()-10%&'()-fZ"10%&'()-910%&'()-EEEE0FeFFdEbC&f
10%&'()-$10%&'()-"g 10%&'()-f 10%&'()-L,10%&'()-S10%&'()-FFF GWGGGdEbC3S
10%&'()-`Y1&10%&'()-@/F10%&'()-&-10%&'()-*&10%&'()-
(10%&'()-GG3HlHoHpHqHrHyHxmbC10%&'()- 10 10 10>10%&'()-:10%&'()-7S
10%&'()-5z10%&'()-yHHHHIJIIdEmbC10%&'()-ym10%&'()-`10%&'()-3
@10%&'()-!10%&'()-10%&'()-IIIJ4JkJJdEmbCy
10%&'()-`10%&'()-310%&'()-10%&'()-10%&'()-10%&'()-JJKMKKKKdEmbC9-10%&'()-+-
10%&'()-(410%&'()-&"10%&'()-$z10%&'()-"410%&'()-K,LhLLLM2MdEmbC3:10%&'()-71
0%&'()-510%&'()-3:10%&'()-s1!10%&'()-f/310%&'()-2M5M6M7M8M?MqMMMbC 10%&'()-
z 10%&'()-10%&'()-10%&'()- 10 10
10,>10%&'()-MN2NlNNNNdEbCG10%&'()-:10%&'()-10%&'()-g
10%&'()-SM10%&'()-910%&'()-N8OqOxOOO"PdEbC& "10%&'()-$10%&'()-l"10%&'()-f
:10%&'()-910%&'()-@
10%&'()-"P\PPPP8QmQdEbC310%&'()-sY1!10%&'()-@/10%&'()--S
10%&'()-*G10%&'()-(g 10%&'()-mQQQRRRRR!RxmbC10%&'()- 10 10 10>10%&'()-9@
10%&'()-7@ 10%&'()-510%&'()-!R[RRRRSBSdEmbC'10%&'()-f!10%&'()- L10%&'()-3
'10%&'()-g 10%&'()-z 10%&'()-BSPSSSS)T]TdEmbCy 10%&'()-`10%&'()-
10%&'()-G10%&'()-10%&'()-310%&'()-]TTTT*UcUUdEmbC9-10%&'()-+10%&'()-(10%&'(
)-s& 10%&'()-$10%&'()-"10%&'()-UUUVUVVVVVdE:/ 10 10,>10%&'()-7S 10%&'()-5@
10%&'()-y310%&'()-Ll110%&'()-S/z10%&'()-VVVVV,WLWWxY:/ 10y
10%&'()-`g10%&'()-3 10%&'()-10%&'()-'10%&'()-&10%&'()- 10WWW#X[XXXdE:/
10`10%&'()- "10%&'()- 10%&'()-10%&'()-Z10%&'()-10%&'()-XX2YhYYYZdE:/ 10
+10%&'()-(10%&'()-&!10%&'()-$10%&'()-"10%&'()-y Z10%&'()-Z=ZvZZZ![W[dE:/
10710%&'()-5310%&'()-3 10%&'()-`1!10%&'()-S/10%&'()-9-10%&'()-W[[[[[[[[\bC
1010%&'()-f 10%&'()-&10%&'()- 10 10 10@>10%&'()- :S 10%&'()-\I\X\\\\4]dEbC
10@ 10%&'()-g 10%&'()-410%&'()-10%&'()-`10%&'()-3 



10%&'()-4]n]z]]]^Q^dEbC 10$ 10%&'()-"10%&'()-y
410%&'()-sm10%&'()-310%&'()-g 10%&'()-Q^^^^^_C_dEbC
10310%&'()-`110%&'()-,y/10%&'()- +
10%&'()-)10%&'()-&!10%&'()-C_\________xmbC 1010%&'()- 10 10 10@>10%&'()-
:10%&'()-810%&'()-5 10%&'()-__'`]```adEmbC 1010%&'()-SZ"10%&'()-
Lm10%&'()-3 10%&'()-'10%&'()-:10%&'()-a9alaaabLbdEmbC 10f
10%&'()-910%&'()-`!10%&'()- g 10%&'()-10%&'()-10%&'()-Lb{bbbcc@cdEmbC
10S/:10%&'()-&-@10%&'()-(M10%&'()-&!10%&'()-
$Z10%&'()-"10%&'()-@czccc&dZd]d^d_ddE:/ 10 10,>10%&'()-:10%&'()-710%&'()-5
10%&'()-3@ 10%&'()-`Y1 10%&'()-_d`dgdiddddexY:/ 103 y
10%&'()-&!10%&'()-,:10%&'()-`10%&'()- fs10%&'()-&10%&'()- 10eJeeeefLfdE:/
10Z10%&'()-10%&'()-310%&'()-10%&'()-y10%&'()-L10%&'()-LfOfRffff,gdE:/
10"10%&'()-S S 10%&'()-910%&'()-  10%&'()-&10%&'()-10%&'()-,gcggghAhkhdE:/
10@/10%&'()-&-T 10%&'()-+410%&'()-(410%&'()-&S 10%&'()-
$G10%&'()-khhhiHiiiiidE:/ 10 10@>10%&'()-: 10%&'()-710%&'()-5
10%&'()-310%&'()-sY1!10%&'()-iiiii2jJjyjxY:/ 10-10%&'()- S 10%&'()-
10%&'()-  10%&'()-10%&'()-10%&'()- 10yjjj%kakkkdE:/ 10S 10%&'()-910%&'()-
"10%&'()- 



10%&'()-z 10%&'()-z 10%&'()-kl;lslllldE:/ 10-10%&'()-*10%&'()-
(10%&'()-&10%&'()-$T 10%&'()-l":10%&'()-l!m[mmmnnnndE:/ 10
10>10%&'()-7s10%&'()-510%&'()- 3 10%&'()-sF1
10%&'()-@/l10%&'()-nnn]ngnqoopsT2/ 1!S`"10%&'()-t s"10%&'()-
!\%Ps"10%##&'()-  ks"10%2e2&'()- Z10%&'()-10%&'()- 10ppqrrrrrr}rg\=
1!S`&10%&'()- 10 10 10L=10%&'()-!X 9("10%&'()-&!f9("10%--&'()-&
`"10%&'()-trr*s1sIs}ssaBg\= 1!S`310%&'()-!Py!10%rr&'()-y!10% &'()-Y
:10%&'()-10%&'()-10%&'()-ss#ttt u@uaBg\= 1!S`$10%&'()- "S 10%&'()-f
10%&'()-!S f#10%&'()-&10%&'()-10%&'()- @uzuuuvOvvdEg\=
1!S`Ll14"10%&'()-S/10%&'()-9- 10%&'()-*`10%&'()- (10%&'()-s&!10%&'()-vvv
wwwwwwxmbC 1!S`L10%&'()- 10 10 10s,>10%&'()-710%&'()-510%&'()-310%&'()-
w$wYwwwx;xdEmbC 1!S`g 10%&'()-:!10%&'()-Z10%&'()-Y
10%&'()-,10%&'()--10%&'()-;xqxxxyHyydEmbC 1!S` G10%&'()-sz10%&'()-F
"10%&'()-,Z10%&'()-10%&'()-10%&'()-yyyz;zszzdEmbC 1!S``-10%&'()-3+
10%&'()-)10%&'()-&- 10%&'()-$10%&'()-"M10%&'()-zz{{N{{{{{dE:/ 10 



10S>10%&'()-F:10%&'()-,8f10%&'()-5-10%&'()-s110%&'()-/G10%&'()-{{{{|8|k||xY
:/ 10y 10%&'()- sZ10%&'()-3 10%&'()- 10%&'()-'10%&'()-&10%&'()-
10||}3}@}v}}dE:/ 10y S 10%&'()- ``10%&'()-
m10%&'()-T10%&'()-10%&'()-410%&'()-}}~N~~~~dE:/ 109-F10%&'()-+10%&'()-(@
10% &'()- s&f 10%&'()- $10%&'()-":10%&'()- ~E{dE:/ 10
10sS>10%&'()-710%&'()- 5 10%&'()- 310%&'()-L1@ 10%&'()-yf/10%&'()-+YcxY:/
10lS 10%&'()-@m"10%&'()-&@10%&'()- Z10%&'()-G10%&'()-10%&'()- 10D}&dE:/ 10@
10%&'()-& 10%&'()-s`!10%&'()- 10%&'()-10%&'()- 10%&'()-&_:rdE:/
10-10%&'()-* 10%&'()- (10%&'()-s& 10%&'()- s$10%&'()-Y"10%&'()- rILMNdE:/
10 10`>10%&'()-910%&'()-f710%&'()-5@10%&'()-93110%&'()- /310%&'()-NOV5RxY:/
10y10%&'()-s'10%&'()-F g 10%&'()-G10%&'()- G10%&'()-910%&'()- 10R,i=dE:/
10s10%&'()-Y3"10%&'()- ,10%&'()-'10%&'()-10%&'()-m10%&'()- =x!ZdE:/ 



10L1z 10%&'()- y/S 10%&'()-L-&10%&'()-3+10%&'()-)S
10%&'()-s&!10%&'()-36789@xmbC 1010%"&'()- 10 10 10sS>10%&'()-8y10%&'()-
510%&'()- 3F10%&'()-@x2kdEmbC 1010%"&'()- S:!10%"&'()-910%"&'()-  10%"&'()-
M10%"&'()-Z10%"&'()- k"QdEmbC 10yS
10%"&'()-910%"&'()-s10%"&'()-10%"&'()-10%"&'()-10%"&'()-QOdEmbC
10310%"&'()-&F110%"&'()- (f 10%"&'()-l`&"10%"&'()- $f 10%"&'()-l"y
10%"&'()- ObC 1010%&'()-&10%&'()- 10" 10"
10"L,>10%"&'()-710%"&'()-510%"&'()- @ }\:bC 10!NP "10%&'()- \
"10%&'()-!PL!10%&'()-m!L!10%&'()-m3 Y10%&'()-10%&'()-m}[<bC 10!7-10%&'()-!k
`f/3"10%&'()--!p`f/3"10%&'()--9-10%&'()-!N&"10%&'()-S$10%&'()-JbC 10!F
Z10%&'()- 10%&'()- 10%&'()-910%&'()- 10 10 10@>10%&'()-J([dEbC
10!,10%&'()-Z10%&'()-10%&'()-10%&'()-G"10%&'()- sG10%&'()-NdEbC 10!&
10%&'()-$10%&'()-"10%&'()- M10%&'()-sG10%&'()- 



F10%&'()- -`dEbC 10!310%&'()-`110%&'()-y/F10%&'()-`-F10%&'()-3+10%&'()-)
10%&'()-  @CDEFMxmbC 10!L10%&'()- 10 10 10sS>10%&'()-F:10%&'()-810%&'()-
5g10%&'()- M$]dEmbC 10!10%&'()-'!10%&'()-s'10%&'()- Y
Z10%&'()-,10%&'()-10%&'()-/gdEmbC 10!"10%&'()-  10%&'()-s10%&'()-F"10%&'()-
@10%&'()-g10%&'()- C}dEmbC 10!/M10%&'()-`-10%&'()- +@ 10%&'()-)10%&'()-s&
"10%&'()-$'10%&'()-:sdE:/ 10
10f>10%&'()-F:10%&'()-810%&'()-610%&'()-310%&'()-L1 "10%&'()-"ZuV7/
10'10%&'()-y10%&'()-`410%&'()-!Pm10%&'()-m10% &'()-&10%&'()- 10R#Z~_@7/
10)10%&'()-s&310%&'()-y S 10%&'()--!SP"10%&'()-@ X"10%&'()-@s10%&'()-ZaVK@
10 10 10 10@>10%&'()-sF:  10%&'()-!fL1 10%&'()-Sf/10%&'()-
+10%o&'()-&.hdEVK@ 10 1010%&'()-s10%&'()-F g
10%&'()-,G10%&'()-`10%&'()-910%&'()-#]dEVK@ 10 



10sM10%&'()-sF10%&'()-,F10%&'()-@ 10%&'()-10%&'()-10%&'()-*cdEVK@ 10
10L-10%&'()-3+10%&'()-)310%&'()-s&f 10%&'()-F$m10%&'()-9" 10%&'()->y%BdEVK@
10 103:10%&'()-8@ 10%&'()-5@ 10%&'()-3 10%&'()-L14"10%&'()-
y/10%&'()-BEHIJKRSgbC 10 1 10%&'()-LY 10%&'()-M&10%&'()- 10 10
10sS>10%&'()-L`<10%&'()-g+}^?bC 10 10%&'()-S10%&'()-!S
10%&'()-y10%&'()-`F10%&'()-!10%44&'()-6HUX}^?bC 10sl110%&'()-f/10%&'()-!)@
10%&'()-&10%&'()-" 10%&'()-!`T 10%&'()-X/2345<=~_@ 10l`10%O&'()-M&10%O&'()-
10 10 10@>10%&'()- :10%&'()-!ql3!10%%%&'()-@=wa?~_@ 10!X  "10%OO&'()-s!a
"10%hOhO&'()-sf'10%O&'()-`10%O&'()-G10%O&'()-'z 10%O&'()- Ytcz[<~_@
103M10%O&'()- LL-!10%&'()--!pLL-!10%wOwO&'()--!;s$"10%OO&'()-,!y
10%OO&'()-`@ 10%O&'()-A_=
10!y!10%bb&'()-'!410%bb&'()-Sls10%b&'()-M&10%b&'()- 10O 10O
10OS>10%O&'()-'=aB_= 10!s&M10%b&'()-"10%b&'()-y 10%b&'()-!S
s!10%mbmb&'()-&10%b&'()-z 10%b&'()-=Kfij{\=2= 1 10b@>10%b&'()-7@10%b&'()-!k
Ll1g#10%bb&'()-g 6Ll1g#10%PjP&'()-g)f/S 10%b&'()-! +310%bb&'()-jklst&jK= 1 



10b@>s10%T&'()-F 10%T&'()-!G10%TT&'()-le10%T&'()-`L10%T&'()- 10b 10b&(}aBK=
1 10b"@10%T&'()- y10%T&'()-F10%T&'()-,10%T&'()-!10%TT&'()-`10%T&'()-KR[aB7=
1 10 10TS>10%T&'()-810%T&'()-5310%T&'()-3'10%T&'()-s1!10%T&'()-!S&
"10%_T_T&'()-mN/10%&'()-10%&'()-S 10%&'()-PZ10%&'()-@Z10%&'()-@L10%&'()-
10T 10TDo^}[9mN/!N $"10%&'()-3!X$"10%&'()-3"10%&'()-!X @ "10%&'()-!X@
"10%&'()-&G10%&'()-FbC8/ 10S>10%&'()-
P610%pap&'()-610%&'()-3310%&'()-`1310%&'()-s-
10%&'()-C}mN/10%<&'()-:!10%<&'()-10%<&'()-@T10%<&'()-:!10%<&'()-s10%<&'()-
10
10C}mN/10%<&'()-:!10%<&'()-10%<&'()-@T10%<&'()-:!10%<&'()-s10%<y>10%<&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font t!)&R*.q26;@qE7JOSX\_afkotx|N8EJ4k
=#h)N-28=CJIOTvZ_Je%k}tsz=Dq9-vkeN !" $$%7'9(*)** ,--./01'3Z4l567_890:s;
<=>?ADBC4DEFGyHIJK2MMN"PmQ!RBS]TUVWXZW[\4]Q^C__aLb@c_deLf,gkhiyjklnprs@uvw;
xyz{|}~&rNR=@kQOJMZBgX==j&   !"#$%&'()*+,-./0123456789:;<=>?@ABCD6Times New
RomanArialCourier New"h Root EntryWordDocument>
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHI 


