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(57) ABSTRACT

To provide a fluorinated ether compound, a fluorinated ether
composition and a coating liquid, whereby it is possible to
form a surface-treated layer which has high initial water/oil
repellency and which is excellent in abrasion resistance and
fingerprint stain removability, and a substrate having a sur-
face-treated layer and a method for its production.

A fluorinated ether compound which has a poly(oxyperfluo-
roalkylene) chain (o) having a C, oxyperfluoroalkylene unit
(o) and an oxyperfluoroalkylene unit () other than the unit
(o) and which has a hydrolysable silyl group on at least one
terminal of the poly(oxyperfluoroalkylene) chain (af) via a
linking group.



US 2014/0287240 Al

FLUORINATED ETHER COMPOUND,
FLUORINATED ETHER COMPOSITION AND
COATING LIQUID, AND SUBSTRATE
HAVING SURFACE-TREATED LAYER AND
METHOD FOR ITS PRODUCTION

TECHNICAL FIELD

[0001] The present invention relates to a fluorinated ether
compound, a fluorinated ether composition or a coating liquid
containing such a fluorinated ether compound, which is use-
ful for surface treatment to impart water/oil repellency to a
substrate surface. The present invention relates also to a
method for producing a substrate having a surface-treated
layer by using such a compound, a fluorinated ether compo-
sition or a coating liquid, and a substrate having a surface-
treated layer produced by such a method.

BACKGROUND ART

[0002] A fluorinated compound is useful as a surface treat-
ing agent since it has high lubricity, water/oil repellency, etc.
By imparting water/oil repellency to a substrate surface by
such a surface treating agent, stains on the substrate surface
will easily be wiped off, and stain removability will be
improved. Among such fluorinated compounds, a fluorinated
ether compound having a poly(oxyperfluoroalkylene) chain
in which an ether bond (—O—) is present in the middle of a
perfluoroalkyl chain is particularly excellent in the fat and oil
stain removability.

[0003] A surface treating agent containing such a fluori-
nated ether compound is useful in applications wherein it is
desired to maintain a performance (abrasion resistance)
whereby the water/oil repellency is less likely to be reduced
even if repeatedly rubbed by fingers, and a performance (fin-
gerprint stain removability) whereby fingerprints deposited
on a surface can easily be removed by wiping, for a long
period of time, e.g. as a surface treating agent for a member
constituting a surface to be touched by a finger, of a touch
panel.

[0004] As such a fluorinated ether compound, for example,
a fluorinated ether compound having a structure wherein only
(CF,CF,CF,CF,0) units are linked, and having a hydrolys-
able silyl group at a terminal is known (Patent Document 1)

PRIOR ART DOCUMENT

Patent Document

[0005] Patent Document 1: JP-A-2002-506887
DISCLOSURE OF INVENTION
Technical Problem
[0006] According to findings by the present inventor, the

fluorinated ether compound disclosed in Patent Document 1
is excellent in water/oil repellency at the initial stage, but is
inadequate in abrasion resistance and fingerprint stain remov-
ability.

[0007] It is an object of the present invention to provide a
fluorinated ether compound, a fluorinated ether composition
and a coating liquid, containing such a fluorinated ether com-
pound, whereby it is possible to form a surface-treated layer
having high initial water/oil repellency and being excellent in
abrasion resistance and fingerprint stain removability.
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[0008] Itis also anobject of the present invention to provide
a substrate having a surface-treated layer having high initial
water/oil repellency and being excellent in abrasion resis-
tance and fingerprint stain removability, and a method for its
production.

Solution to Problem

[0009] The present invention provides a fluorinated ether
compound, a fluorinated ether composition and a coating
liquid, and a substrate having a surface-treated layer and a
method for its production, with the following constructions
[1] to [15].

[1] A fluorinated ether compound which has a poly(oxyper-
fluoroalkylene) chain (af) having a C, oxyperfluoroalkylene
unit (o) and an oxypertluoroalkylene unit () other than the
unit (o) and which has a hydrolysable silyl group on at least
one terminal of the poly(oxyperfluoroalkylene) chain (af})
via a linking group.

[2] The fluorinated ether compound according to [ 1], wherein
in the poly(oxyperfluoroalkylene) chain (), the unit () and
the unit (f) are alternately arranged.

[3] The fluorinated ether compound according to [1] or [2],
wherein a C, ¢ perfluoroalkyl group is bonded via an oxygen
atom to the carbon atom at one end of the poly(oxyperfluo-
roalkylene) chain (a.f3), and the hydrolysable silyl group is
bonded via the linking group to the oxygen atom at the other
end of the poly(oxyperfluoroalkylene) chain (c.f3).

[4] The fluorinated ether compound according to [3], wherein
in the poly(oxyperfluoroalkylene) chain (), the unit () and
the unit () are alternately arranged and wherein the perfluo-
roalkyl group is bonded to the carbon atom of the unit (), and
the hydrolysable silyl group is bonded via the linking group to
the oxygen atom of the unit (o).

[5] The fluorinated ether compound according to any one of
[1] to [4], which has a number average molecular weight of
from 2,000 to 10,000.

[6] The fluorinated ether compound according to any one of
[1] to [5], wherein the unit (o) is (CF,CF,CF,CF,0).

[7] A fluorinated ether composition containing at least 95
mass % of the fluorinated ether compound as defined in any
one of [1] to [6].

[8] A coating liquid comprising the fluorinated ether com-
pound as defined in any one of [1] to [6], and a medium.

[9] The coating liquid according to [8], wherein the medium
contains at least one organic solvent selected from the group
consisting of a fluorinated alkane, a fluorinated aromatic
compound and a fluoroalkyl ether.

[10] A method for producing a substrate having a surface-
treated layer, which comprises a step of applying the fluori-
nated ether compound as defined in any one of [1] to [6] or the
fluorinated ether composition as defined in [7] to the surface
of a substrate by vacuum vapor deposition.

[11] A method for producing a substrate having a surface-
treated layer, which comprises a step of applying the coating
liquid as defined in [8] or [9] to the surface of a substrate,
followed by dying.

[12] The method for producing a substrate having a surface-
treated layer according to [11], wherein the method of apply-
ing the coating liquid to the surface of the substrate is a spin
coating method, a wipe coating method, a spray coating
method, a squeegee coating method, a dip coating method, a
die coating method, an ink jet method, a flow coating method,
aroll coating method, a casting method, a Langmuir-Blodgett
method or a gravure coating method.
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[13] The method for producing a substrate having a surface-
treated layer according to any one of [10] to [ 12], wherein the
material for the substrate is a metal, a resin, glass, a ceramic
or a composite material thereof.

[14] A substrate having a surface-treated layer, obtained by
treatment with the fluorinated ether composition as defined in
[71.

[15] A touch panel having, on its input screen, the substrate
having a surface-treated layer, obtained by treatment with the
fluorinated ether composition as defined in [7].

Advantageous Effects of Invention

[0010] By the fluorinated ether compound, the fluorinated
ether composition and the coating liquid, containing the flu-
orinated ether compound, of the present invention, it is pos-
sible to form a surface-treated layer having high initial water/
oil repellency and being excellent in abrasion resistance and
fingerprint stain removability.

[0011] The substrate having a surface-treated layer of the
present invention has a surface-treated layer having high ini-
tial water/oil repellency and being excellent in abrasion resis-
tance and fingerprint stain removability.

[0012] According to the method for producing a substrate
having a surface-treated layer of the present invention, it is
possible to produce a substrate having a surface-treated layer
having high initial water/oil repellency and being excellent in
abrasion resistance and fingerprint stain removability.

DESCRIPTION OF EMBODIMENTS

[0013] Inthis specification, a compound represented by the
formula (1) will be referred to as a compound (1). Com-
pounds and precursors represented by other formulae will be
referred to in the same manner.

[0014] In the present invention, the main chain is a linear
molecular chain whereby all molecular chains other than the
main chain would be deemed to be side chains.

[0015] In the present invention, a hydrolysable silyl group
is a group capable of forming a silanol group (Si—OH) when
hydrolyzed. For example, —SiL, R;_,, inthe formula (1) may
be mentioned.

[0016] In the present invention, an etheric oxygen atom is
an oxygen atom to form an ether bond (—O—) between
carbon-carbon atoms.

[0017] Inthe presentinvention, alinking group is a group to
link a poly(oxyperfluoroalkylne) chain (a.ff) and a hydrolys-
able silyl group, and is, for example, a group having
—SiL, R, , excluded from B in the formula (1), and such a
group itself may have other oxyperfluoroalkylene group not
belonging to the above poly(oxyperfluoroalkylne) chain
(ap). Further, hereinafter, a poly(oxyperfluoroalkylne) chain
(ap) will be referred to also as a “chain (aff)”.

[0018] In the present invention, the number average
molecular weight of a fluorinated ether compound is calcu-
lated by the following method using a NMR analysis.
[0019] It is calculated by obtaining the number (average
value) of oxyperfluoroalkylne units by using a terminal group
as a standard, by means of 'H-NMR (solvent: deuterated
acetone, internal standard: TMS) and *F-NMR (solvent:
deuterated acetone, internal standard: CFCl,). The terminal
group is, for example, A or B in the formula (1).

[0020] In the present invention, a chemical formula of an
oxypertluoroalkylene unit shall be presented so that its oxy-
gen atom be on the right-hand side of the perfluoroalkylene
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group. A poly(oxyperfluoroalkylene) chain () having units
(o) and (P) is a linear bivalent group, wherein one of the two
terminals is a connecting bond bonded to a carbon atom (the
carbon atom having this connecting bond will be referred to
as a terminal carbon atom) and the other is a connecting bond
of'an oxygen atom (the oxygen atom having this connecting
bond will be referred to as a terminal oxygen atom). A chemi-
cal formula of a poly(oxyperfluoroalkylene) chain (af) shall
also be presented so that the terminal oxygen atom be on the
right-hand side.

[0021] In the present invention, a surface-treated layer is a
layer to be formed on the surface of a substrate, by surface
treatment of the substrate with the fluorinated ether com-
pound, the fluorinated ether composition or the coating liquid
of the present invention.

[Fluorinated Ether Compound]

[0022] The fluorinated ether compound of the present
invention (hereinafter referred to as the present compound) is
a compound which has a poly(oxyperfluoroalkylene) chain
(af) having a C, oxyperfluoroalkylene unit (o) and an
oxyperfluoroalkylene unit (§) other than the unit (o) and
which has a hydrolysable silyl group on at least one terminal
of the poly(oxypertluoroalkylene) chain (aff) via a linking
group.

[0023] The present compound has a hydrolysable silyl
group on at least one terminal of the chain (af) via a linking
group. The chain (af}) is present preferably in the main chain.
The number of hydrolysable silyl groups bonded to a linking
group may be two or more, and is preferably from 1 to 3, more
preferably 1 or 2, particularly preferably 1. The linking group
is a polyvalent group having one connecting bond bonded to
the chain (ap) side and at least one connecting bond bonded
to a silicon atom in the hydrolysable silyl group, and in a case
where the number of hydrolysable silyl groups bonded to the
linking group is 1, the linking group is a bivalent group. The
connecting bond of the linking group bonded to the chain
(ap) side, is a connecting bond of a carbon atom when the
linking group is bonded to a terminal oxygen atom of the
chain (af) and is a connecting bond of an oxygen atom when
the linking group is bonded to a terminal carbon atom of the
chain (a.f3). The connecting bond of the linking group bonded
to a silicon atom of a hydrolysable silyl group is a connecting
bond of a carbon atom.

[0024] Inacase where the present compound does not have
ahydrolysable silyl group via a linking group at one terminal
of the chain (a.f), it has a monovalent organic group at that
terminal. In a case where a monovalent organic group is
bonded to a terminal carbon atom of the chain (af), it is
bonded via an oxygen atom. In a case where a monovalent
organic group is bonded to a terminal oxygen atom of the
chain (af}), the monovalent organic group is preferably an
organic group wherein the terminal is a carbon atom. As such
an organic group, a perfluoroalkyl group or a pertluoroalkyl
group having an etheric oxygen atom is preferred.

[0025] The present compound may have a hydrolysable
silyl group via a linking group at one terminal of the chain
(ap), or may have a hydrolysable silyl group via a linking
group at each terminal of the chain (af}). With a view to
sufficiently imparting abrasion resistance to the surface-
treated layer, it preferably has a hydrolysable silyl group only
at one terminal of the chain (af).
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[0026] The present compound may be a single compound
or a mixture of two or more types different in the chain (c.f),
the terminal group, the linking group, etc.

[0027] The perfluoroalkylene group in the unit («t) may be
linear or branched. With a view to imparting sufficiently high
initial water/oil repellency to the surface-treated layer, the
unit (o) is preferably linear, i.e. (CF,CF,CF,CF,0).

[0028] The unit (P) is at least one type of an oxyperfluoro-
alkylene unit other than one having 4 carbon atoms. In the
chain (af}), units () of only one type may be present, or units
(P) of two or more types different in the number of carbon
atoms may be present.

[0029] The present compound has the unit (o) whereby it is
possible to impart high initial water/oil repellency to the
surface-treated layer. But, if it is composed solely of units (o),
the crystallinity of the poly(oxyperfluoroalkylene) chain
tends to be too high, whereby the abrasion resistance and the
fingerprint stain removability tend to be inadequate. There-
fore, by incorporating units (), it is possible to lower the
crystallinity of the poly(oxyperfluoroalkylene) chain thereby
to provide the initial water/oil repellency, abrasion resistance
and fingerprint stain removability in good balance at the sur-
face-treated layer.

[0030] Further, it is preferred that the unit (o) and the unit
(p) are alternately arranged. When the unit (o) and the unit ()
are alternately arranged, it is possible to efficiently provide
the initial water/oil repellency, abrasion resistance and fin-
gerprint stain removability. That is, the initial water/oil repel-
lency, abrasion resistance and fingerprint stain removability
will be excellent.

[0031] The present compound is preferably a compound
wherein a C, ¢ perfluoroalkyl group is bonded via an oxygen
atom to the carbon atom at one end of the poly(oxyperfluo-
roalkylene) chain (a.f3), and the hydrolysable silyl group is
bonded via the linking group to the oxygen atom at the other
end of the poly(oxyperfluoroalkylene) chain (). By such a
construction, the initial water/oil repellency, abrasion resis-
tance and fingerprint stain removability at the surface-treated
layer will be further improved.

[0032] When the present compound has a perfluoroalkyl
group via an oxygen atom at the terminal carbon atom of the
chain (ap), the initial water/oil repellency at the surface-
treated layer will be further improved.

[0033] The present compound is preferably a compound
wherein in the chain (af}), the unit () and the unit () are
alternately arranged and wherein the perfluoroalkyl group is
bonded via an oxygen atom to the carbon atom of the unit (),
and the hydrolysable silyl group is bonded via the linking
group to the oxygen atom of the unit (o). By such a construc-
tion, the initial water/oil repellency, abrasion resistance and
fingerprint stain removability at the surface-treated layer will
be further improved. The reason is considered to be such that
the unit (o) which is likely to lower the abrasion resistance
and fingerprint stain removability of the surface-treated layer
may be present on the side close to the surface of the substrate
(i.e. on the side far from the surface-treated layer).

[0034] The number average molecular weight of the
present compound is preferably from 2,000 to 10,000. When
the number average molecular weight is within such a range,
the present compound is excellent in the abrasion resistance.
The number average molecular weight of the present com-
pound is more preferably from 2,100 to 9,000, particularly
preferably from 2,400 to 8,000.
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[0035] Usually, it is considered that with a fluorinated ether
compound, the chemical bond to a substrate becomes strong
as the number average molecular weight decreases. The rea-
son is considered to be such that the number of hydrolysable
silyl groups increases per unit molecular weight. However,
the present inventors have confirmed that if the number aver-
age molecular weight is less than the lower limit value within
the above range, the abrasion resistance is likely to decrease.
Further, if the number average molecular weight exceeds the
upper limit value within the above range, the abrasion resis-
tance decreases. The reason is considered to be such that the
influence due to a decrease in the number of hydrolysable
silyl groups present per unit molecular weight tends to be
large.

[0036] The present compound has a poly(oxyperfluoro-
alkylene) chain, whereby the content of fluorine atoms is
large. Further, as mentioned above, it has a chain (a.f3) having
aunit (o) to impart initial water/oil repellency to the surface-
treated layer and a unit () to lower the crystallinity of a
poly(oxyperfluoroalkylene) chain which is likely to be
increased by the unit (o). Therefore, the present compound is
capable of forming a surface-treated layer having high initial
water/oil repellency and being excellent in abrasion resis-
tance and fingerprint stain removability.

[0037] Insurface treatment with the present compound, the
fluorinated ether composition or the coating liquid, as
described later, silanol groups (Si—OH) will be formed by a
hydrolytic reaction of hydrolysable silyl groups (—SilL,, R
=) in the present compound, and such silanol groups will be
intermolecularly reacted to form Si—O—Si bonds, or such
silanol groups will undergo a dehydration-condensation reac-
tion with hydroxy groups (substrate-OH) at the surface of a
substrate to form chemical bonds (substrate-O—Si). That is,
the surface-treated layer in the present invention contains the
present compound in such a state that some or all of hydrolys-
able silyl groups in the present compound are hydrolyzed.

(Compound (1))

[0038] A preferred embodiment of the present compound is

specifically represented by the following formula (1).
A-0—{(R"0),,(R?0),]B ey

[0039] Here, the symbols in the formula (1) are as follows.

[0040] x1 and x2: Each independently is an integer of at

least 1.

[0041] R:aC, perfluoroalkylene group

[0042] R/ at least one type of a perfluoroalkylene group

other than one having 4 carbon atoms.

[0043] A:aC, ¢ perfluoroalkyl group or B

[0044] B: a group represented by one of the following for-

mulae (2-1) to (2-5)
—RACX,0(CH,)3—SiL,R;.,, (2-1)
—RACX,0CH,CH(CH;3)—SiL,,Ry_,, (2-2)
—RPAC(=0)NHC,H,,—SiL, R, (2-3)
—RA(CH,),—SiL, R, (2-4)
—RA(CH,)5—SiL,Rs., (2-5)

[0045] Here, the symbols in the formulae (2-1) to (2-5) are

as follows.

[0046] R”:aC,_,, perfluoroalkylene group

[0047] X: a hydrogen atom or a fluorine atom
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[0048] L: a hydrolysable group

[0049] R: a hydrogen atom or a monovalent hydrocarbon
group

[0050] k: an integer of at least 1

[0051] m: an integer of from 1 to 3

<Unit (a)>

[0052] In the formula (1), the unit (o) is the portion repre-

sented by (R 0).

[0053] x1isanintegerofatleast 1. Withaview to imparting
sufficient initial water/oil repellency to the surface-treated
layer, it is preferably an integer of at least 3, particularly
preferably an integer of at least 5. It is preferably an integer of
at most 45, particularly preferably at most 30, in order not to
let the number average molecular weight of the compound (1)
be too large.

[0054] R isa C, perfluoroalkylene group. R may be lin-
ear or branched. With a view to imparting initial water/oil
repellency to the surface-treated layer, it is preferably linear
i.e. CF,CF,CF,CF,. Accordingly, the unit (o) is preferably
(CF,CF,CF,CF,0).

<Unit (B)>

[0055] x2isanintegerofatleast 1. Withaview to imparting
sufficient abrasion resistance and fingerprint stain removabil-
ity to the surface-treated layer, it is preferably an integer of at
least 3, particularly preferably an integer of at least 5. It is
preferably an integer of at most 80, particularly preferably at
most 60, in order not to let the number average molecular
weight of the compound (1) be too large.

[0056] R’ is at least one type of a perfluoroalkylene group
other than one having 4 carbon atoms. In a case where the
number of carbon atoms is 2 or more, R”> may be linear or
branched. With a view to imparting initial water/oil repel-
lency to the surface-treated layer, it is preferably linear.
[0057] In order not to let the number average molecular
weight of the compound (1) be too large, R” is preferably at
least one type selected from C,_; perfluoroalkylene groups
and C_, 5 perfluoroalkylene groups, particularly preferably at
least one type selected from C,_; perfluoroalkylene groups
and C,_ perfluoroalkylene groups. With a view to imparting
sufficient abrasion resistance and fingerprint stain removabil-
ity to the surface-treated layer, it is preferably at least one type
selected from C, , perfluoroalkylene groups. From the view-
point of the thermal or chemical stability, it is preferably at
least one type of a perfluoroalkylene group other than one
having one carbon atom.

<Poly(oxyperfluoroalkylene) Chain (a3 >

[0058] In the chain (ap) i.e. [(R"O),,(R?0),,], the bond-
ing order of the unit (&) i.e. (R”*O) and the unit () i.e. (R”20)
is not limited. That is, the unit (ct) and the unit () may be
randomly arranged, or the unit (o) and the unit () may be
alternately arranged, or at least two blocks each composed of
a plurality of units, may be linked to one another. With a view
to providing the initial water/oil repellency, abrasion resis-
tance and fingerprint stain removability further efficiently, it
is preferred that the unit (o) and the unit (§) are alternately
arranged, and it is particularly preferred that in addition, the
terminal unit close to A is a unit (), and the terminal unit
close to B is a unit (o).

[0059] As the chain (aff), a poly(oxyperfluoroalkylene)
chain (o) containing the following units is preferred with a
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view to sufficiently imparting the initial water/oil repellency,
abrasion resistance and fingerprint stain removability to the
surface-treated layer.

[0060] (CF,CF,0—CF,CF,CF,CF,0),,

[0061] (CF,CF,0),,(CF,CF,CF,CF,0),,.

[0062] Here, n is the number of repeating units comprising
the unit (o) and the unit (B), and is an integer of at least 1.
<Group A>

[0063] A is a C,  perfluoroalkyl group or B. From the

viewpoint of abrasion resistance, a C,_¢ perfluoroalkyl group
is preferred. The perfluoroalkyl group may be linear or
branched.

[0064] Here, according to the expression of a chemical
formula in the present invention, the left-hand side of a chain
(ap) is a connecting bond of a carbon atom, and therefore, in
a case where A is placed on the left-hand side of the chemical
formula as shown in the above formula (1), A is expressed as
bonded to the chain (aff) via an oxygen atom. On the other
hand, in a case where A is placed on the right-hand side of the
chemical formula, i.e. in the case of an expression wherein A
is bonded to a terminal oxygen atom of the chain (), A is
expressed as directly bonded to the terminal oxygen atom of
the chain (o) without via an oxygen atom.

[0065] The following may be mentioned as specific
examples of A.

[0066] CF,—,

[0067] CF,CF,—,

[0068] CF(CE,),—,

[0069] CF5(CF,),

[0070] CF,(CF,),—,

[0071] CF,(CE,)s—,

[0072] CF,CF(CF,)—, etc.

[0073] As A, the following are preferred with a view to

sufficiently imparting initial water/oil repellency, abrasion
resistance and fingerprint stain removability to the surface-
treated layer.

[0074] CF,—,

[0075] CF,CF,—,

[0076] CF4(CF,),—.

<Group B>

[0077] The compound (1) has B at one end or both ends of

the chain (af) ie. [R™"0),,(R?0),,]. When two B are
present in one molecule, they may be the same or different.
Here, as mentioned above, according to the expression of a
chemical formula in the present invention, in a case where B
is placed on the left-hand side of the chemical formula, B is
expressed as bonded to the terminal carbon atom of the chain
(ap) via an oxygen atom, i.e. B—O—is expressed as bonded
to the left-hand side of the chain (c.f3).

[0078] B isa group represented by one ofthe formulae (2-1)
to (2-5), and the compound (1) has a hydrolysable silyl group
represented by —SilL, R, , at its terminal. From the view-
point of handling efficiency in the industrial production, a
group represented by the formula (2-3) is particularly pre-
ferred.

[0079] Hereinafter, a compound (1) wherein B is a group
represented by the formula (2-1), will be referred to as a
compound (1-1), a compound (1) wherein B is a group rep-
resented by the formula (2-2), will be referred to as a com-
pound (1-2), a compound (1) wherein B is a group repre-
sented by the formula (2-3), will be referred to as a compound
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(1-3), acompound (1) wherein B is a group represented by the
formula (2-4), will be referred to as a compound (1-4), and a
compound (1) wherein B is a group represented by the for-
mula (2-5), will be referred to as a compound (1-5).
A-O—[(R"0),4(R”0) 5] —RPCX,0(CH,)3—
SiL,R3m (1-1)

A-O—[(R10),,(R0),,]—RCX,0CH,CH(CH;)—
SiL,,R3.,, (1-2)

A-O—{[(R10),4(R70),5]—R°C(=0)NHC, Hy—

SiL,R;.,, (1-3)
A-O—[(R"0),,(R”0),,]—R*(CH,)>—SiL,,R3.,, 1-4)
A-0—[(R"0),,(R”0),,]—R*(CHy)3—SiL,,Rs.,, 1-5)

[0080] R”isaC,_,, perfluoroalkylene group. The perfluo-
roalkylene group may be linear or branched. The following
are preferred with a view to sufficiently imparting initial
water/oil repellency, abrasion resistance and fingerprint stain
removability to the surface-treated layer.

[0081] —CF,—,

[0082] —CF,CF,—,

[0083] —CF,CF,CF,—,

[0084] —CF(CF;)—,

[0085] L is a hydrolysable group. The hydrolysable group

is a group which becomes a hydroxy group by a hydrolytic
reaction. That is, Si-L at the terminal of the compound (1)
becomes a silanol group (Si—OH) by a hydrolytic reaction.
Silanol groups are further intermolecularly reacted to form a
Si—O—Sibond. Further, silanol groups will undergo a dehy-
dration condensation reaction with hydroxy groups (sub-
strate-OH) on the surface of a substrate to form chemical
bonds (substrate-O—Si). The compound (1) has a hydrolys-
able silyl group at its terminal, whereby its adhesion to a
substrate is good, and it is a compound excellent in abrasion
resistance and capable of imparting water/oil repellency to
the surface of the substrate.

[0086] L may, for example, be an alkoxy group, a halogen
atom, an acyl group, an isocyanate group (—NCO) or the like.
The alkoxy group is preferably a C,_, alkoxy group.

[0087] L is preferably a C,_, alkoxy group or a halogen
atom, whereby an industrial production is easy. The halogen
atom is particularly preferably a chlorine atom. L. is prefer-
ably a C,_, alkoxy group, whereby gas emission during coat-
ing is little, and the compound (1) will be excellent in the
storage stability. In a case where a long term storage stability
of the compound (1) is required, an ethoxy group is particu-
larly preferred, and in a case where it is desired to shorten the
reaction time after coating, a methoxy group is particularly
preferred.

[0088] R is a hydrogen atom or a monovalent hydrocarbon
group. The monovalent hydrocarbon group may, for example,
be an alkyl group, a cycloalkyl group, an alkenyl group, an
allyl group or the like.

[0089] R is preferably a monovalent hydrocarbon group,
particularly preferably a monovalent saturated hydrocarbon
group. The number of carbon atoms in the monovalent satu-
rated hydrocarbon group is preferably from 1 to 6, more
preferably from 1 to 3, particularly preferably 1 or 2.

[0090] From such a viewpoint that the synthesis is easy, R
is preferably a C, ¢ alkyl group, more preferably a C,_; alkyl
group, particularly preferably a C, _, alkyl group.
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[0091] Kk is an integer of at least 1, preferably an integer of
from 2 to 6, particularly preferably 3. In a case where k is at
least 3, C,H,, may be linear or branched, but is preferably
linear.

[0092] m is an integer of from 1 to 3, preferably 2 or 3,
particularly preferably 3. By the presence of a plurality of L in
one molecule, the bonding to the surface of a substrate will be
further strengthened.

[0093] When m is at least 2, a plurality of L present in one
molecule may be the same or different from one another. They
are preferably the same one another from the viewpoint of
availability of raw material or production efficiency.

[0094] The hydrolysable silyl group (—SiL,, R5_,,) is pref-
erably —Si(OCH;);, —SiCH,(OCH,),, —Si(OCH,CH,),,
—SiCl,, —Si(OCOCH;);, or —Si(NCO);. From the view-
point of handling efficiency in the industrial production, —Si
(OCHy,); is particularly preferred.

Preferred Embodiments

[0095] As the compound (1), preferred is a compound hav-
ing the above-mentioned preferred A and the above-men-
tioned preferred poly(oxyperfluoroalkylene) chain (4) com-
bined, and particularly preferred are compounds represented
by the following formulae. In the formula number, H means
that X in the formula (1-1) is a hydrogen atom, and F means
that X in the formula (1-1) is a fluorine atom. The compounds
represented by the following formulae are easy to industrially
produce and easy to handle, and can sufficiently impart initial
water/oil repellency, abrasion resistance and fingerprint stain
removability to the surface-treated layer.

A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0—(CH,);—
SiL,R; (1-1Ha),

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,CFy—O—(CH,)y;—
SiL, R, . (1-1Fa),

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,C(=0)NH(CH,),—
SiL,R; (1-3a),

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,(CH,)»—SiL, R, (1-4-a),

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,(CH,);—SiL, R, (1-5a).

A-O—CF,CF,0—(CF5CF,0),,_;(CF,CF,CF,CF,0)
o—CF,CF,CF,CH,—O0—(CH,);—SiL,Rs (1-1Hb),

A-O—CF,CF,0—(CF5CF,0),,_;(CF,CF,CF,CF,0)
o—CF>CF,CF,CF,0(CH,);—SiL,R; ,, (1-1Fb),

A-O—CF,CF,0—(CF5CF,0),,_;(CF,CF,CF,CF,0)
o—CF,CF,CF,C(=0)NH(CH,);—SiL, R, (1-3b),

A-O—CF,CF,0—(CF5CF,0),,_;(CF,CF,CF,CF,0)
o—CF>CF,CF5(CH,),—SiL,R5 (1-4-b),

A-O—CF,CF,0—(CF5CF,0),,_;(CF,CF,CF,CF,0)
o—CF,CF,CFo(CH,),—SiL, Ry .

Here, A is CF;—, CF;CF,— or CF,CF,CF,—.

(1-5b).
[0096]

[Method for Producing Fluorinated Ether Compound]

[0097] A compound (1) wherein B is a group represented
by the formula (2-1) or (2-2), can be produced by a method of
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introducing a hydrolysable silyl group at a terminal via a step
of hydrosilylating a precursor (3) represented by the follow-
ing formula (3).

A-O—[(R"0),,(RP0),,]—R CX,0—
CH,CH=—CH, 3)

[0098] When the compound (1) is produced via a step of
hydrosilylating the precursor (3), a compound (1-1) wherein
B is a group represented by the formula (2-1) is obtainable,
and at the same time, a compound (1-2) wherein B is a group
represented by the formula (2-2) is obtainable as a byproduct.
For example, by subjecting the precursor (3) and HSiL.,,R;_,,
(wherein I and R are the same types of the atom or group as
in the formula (1), and m is the same numerical value as in the
formula (1)) to a hydrosilylation reaction, it is possible to
obtain the compounds (1-1) and (1-2). It is preferred to carry
outthe hydrosilylation reaction by means of a transition metal
catalyst such as platinum (Pt) or a radical generating agent
such as an organic peroxide.

[0099] A compound (1) wherein B is a group represented
by the formula (2-3), can be produced by a method of intro-
ducing a hydrolysable silyl group at a terminal via a step of
reacting a precursor (4) represented by the following formula
(4) and an aminoalkyl silane compound. In the formula (4),
R'is an alkyl group, and from the viewpoint of easy synthesis,
a C,_; alkyl group is preferred.

A-O—[(R'0),,(R?0),,]—RC(=0)OR! 4)

[0100] For example, by an amidation reaction of the pre-
cursor (4) and H,NC,H,,Sil., R;_,, (Wherein L. and R are the
same types of the atom or group as in the formula (1), and m
and k are the same numerical values as in the formula (1)), it
is possible to obtain the compound (1-3).

[0101] A compound (1) wherein B is a group represented
by the formula (2-4), can be produced by a method of intro-
ducing a hydrolysable silyl group at a terminal via a step of
hydrosilylating a precursor (16) represented by the following
formula (16).

A-O—[(R'0),,(R?0),,]—RCH=CH, (16)

[0102] For example, by subjecting the precursor (16) and
HSiL, R;_,, (wherein L. and R are the same types of the atom
or group as in the formula (1), and m is the same numerical
value as in the formula (1)) to a hydrosilylation reaction, it is
possible to obtain the compound (1-4).

[0103] A compound (1) wherein B is a group represented
by the formula (2-5), can be produced by a method of intro-
ducing a hydrolysable silyl group at a terminal via a step of
hydrosilylating a precursor (17) represented by the following
formula (17).

A-O—[(R'0),_,(R20), ,]—R CH,CH=CH, 17)

[0104] For example, by subjecting the precursor (17) and
HSiL, R;_,, (wherein L. and R are the same types of the atom
or group as in the formula (1), and m is the same numerical
value as in the formula (1)) to a hydrosilylation reaction, it is
possible to obtain the compound (1-5).

[0105] The precursor (3), (4), (16) or (17) can be produced
by a known method depending upon the structure of A-O—
[(RM0),,(R”0),,]—. The method for producing the precur-
sor (3), (4), (16) or (17) is as follows.
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[Method for Producing Precursor (3)]

[0106] The method for producing the precursor (3) will be
described with reference to the case of a precursor (3a) rep-
resented by the following formula (3a).

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,CX,0—CH,CH=—CH, (3a)

[0107] Hereinafter, the case where X in the formula (3a) is
a fluorine atom, will be referred to as a precursor (3Fa), and
the case where X is a hydrogen atom, will be referred to as a
precursor (3Ha), and examples of the respective production
methods will be described.

A-O—(CF,CF,0—CF,CF,CF.CF,0),—
CF,CF,0—CF,CF,CF,CF,0—CH,CH=CH, (3Fa)

A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0—CH,CH—CH, (3Ha)

<Method (i) for Producing Precursor (3Fa)>

[0108] A compound (7a) represented by the following for-
mula (7a) is heated in the presence of a metal fluoride catalyst
(such as NaF, CsF, KF or AgF) to carry out pyrolysis of the
ester, and then allyl bromide (Br—CH,CH—CH,) is reacted
to obtain a precursor (3Fa). In the formula (7a), R*isa C, |,
perfluoroalkyl group or a C,_,, perfluoroalkyl group having
an etheric oxygen atom.

A-O—(CF,CF,0—CF,CF,CF.CF,0),—
CF,CF,0—CF,CF,CE,CF,0—C(=O0)R 4 (7a)

<Method (ii) for Producing Precursor (3Fa)>

[0109] The precursor (3Fa) can be produced also by the
following method.

[0110] A compound (8a) represented by the following for-
mula (8a) is reacted with allyl bromide (Br—CH,CH—CH,)
in the presence of a metal fluoride catalyst (such as NaF, CsF,
KF or AgF) to obtain a precursor (3Fa).

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,C(=0)F (8a)

<Method for Producing Precursor (3Ha)>

[0111] An alcohol (such as methanol, ethanol, 1-propanol
or 2-propanol, hereinafter referred to as R*OH wherein R? is
an alkyl group) is reacted to the compound (7a) or (8a) to
obtain a compound (6a) represented by the following formula

(6a).

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,C(=—0)OR2 (6a)

[0112] Then, the compound (6a) is subjected to hydrogen
reduction by means of a reducing agent (such as sodium
boron hydride or aluminum lithium hydride) to obtain a com-
pound (5a) represented by the following formula (5a).

A-O—(CF,CF,0—CF5CF,CF>CF,0),—
CF,CF,0—CF,CF,CF,CH,0H (5a)

[0113] The obtained compound (5a) is reacted with allyl
bromide (Br—CH,CH—CH,) in the presence of a base (such
as sodium hydride, tert-butoxy-potassium, sodium hydroxide
or potassium hydroxide) to obtain the precursor (3Ha).
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(Method for Producing Precursor (4))

[0114] The method for producing the precursor (4) will be
described with reference to the case of a precursor (4a) rep-
resented by the following formula (4a).
A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,C(=0)OR! (4a)
<Method for Producing Precursor (4a)>
[0115] The precursor (4a) is the same compound as the
compound (6a) except that R* and R? are different. As men-
tioned above, it can be produced by reacting an alcohol to the
compound (7a) or (8a).
<Method for Producing Compound (7a)>
[0116] The method for producing the compound (7a) will
be described with reference to a case where —R™ is —CF
(CF;)O(CE,),CFs.
[0117] A compound (11a) represented by the following
formula (11a) and an alcohol (such as methanol, ethanol,
1-propanol, 2-propanol, 2,2,2-trifluoroethanol, 2,2,3,3-tet-
rafluoropropanol, 1,1,1,3,3,3-hexafluoro-2-propanol,
2-methoxyethanol or diethylene glycol monomethyl ether,
hereinafter referred to as A*-OH) are reacted in the presence
of'a base or a quaternary ammonium salt (such as potassium
carbonate, sodium carbonate, potassium fluoride, cesium
fluoride, sodium hydride, tert-butoxy potassium, sodium
hydroxide, potassium hydroxide, tetrabutyl ammonium chlo-
ride or tetrabutyl ammonium bromide) to obtain an oligomer
compound (10a) represented by the following formula (10a).

CF;—=CFO—CF,CF,CF,CH,0H (11a)
A-O—(CF,CFHO—CF,CF,CF,CH,0),,,—H (103)
[0118] By controlling the amount of A*-OH to be added to

the compound (11a), it is possible to synthesize an oligomer
compound (10a) having a desired number average molecular
weight. Or, A'-OH may be the compound (11a) itself, and by
controlling the reaction time or separation/purification of the
product, it is possible to synthesize an oligomer compound
(10a) having a desired number average molecular weight.
[0119] The synthesis of the compound (11a) and the syn-
thesis of the compound (10a) by its polyaddition reaction can
be carried out by known methods disclosed in U.S. Pat. No.
5,134,211.
[0120] By an esterification reaction of the compound (10a)
and CF;CF,CF,OCF(CF;)COF, a compound (9a) repre-
sented by the following formula (9a) is obtained. Such an
esterification reaction is not limited to the reaction of the
compound (10a) with a perfluoro-acid fluoride as in the above
example, and may be a reaction with a fluorinated or non-
fluorinated hydrocarbon type acid fluoride, acid chloride,
acid bromide or acid anhydride.
A-O—(CF,CFHO—CF,CF,CF,CH,0),, ,—C(=0)
CF(CF3)OCF,CF,CF; (9a)

[0121] Further, by means of fluorine gas, hydrogen atoms
in the compound (9a) may be substituted by fluorine atoms to
obtain the compound (7a). Such a fluorination step can be
carried out, for example, in accordance with a method dis-
closed in WO2000/56694.

(Method for Producing Precursor (16))

[0122] The method for producing the precursor (16) will be
described with reference to the case of a precursor (16a)
represented by the following formula (16a).
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A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH=CH, (16a)
<Method for Producing Precursor (16a)>
[0123] The compound (8a) is iodized by means of an iodi-
nation agent (such as lithium iodide or iodine/potassium car-
bonate) to obtain a compound (18a) represented by the fol-
lowing formula (18a).
A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,I (182)
[0124] Then, the compound (18a) is reacted with ethylene
in the presence of a radical generating agent to obtain a
compound (19a) represented by the following formula (19a).
A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,CH,I (192)
[0125] The obtained compound (19a) is reacted with allyl
bromide (Br—CH,CH—CH,) in the presence of a basic
compound (such as sodium hydroxide or potassium hydrox-
ide) for dehydroiodination to obtain the precursor (16a).

(Method for Producing Precursor (17))

[0126] The method for producing the precursor (17) will be
described with reference to the case of a precursor (17a)
represented by the following formula (17a).
A-O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,CH=CH, (172)
<Method for Producing Precursor (17a)>
[0127] The compound (18a) is reacted with an allylation
agent (such as allyl tributyltin or allyl tris(trimethylsilyl)
silane) in the presence of a radical generating agent to obtain
a precursor (17a).

[Fluorinated Ether Composition]

[0128] The fluorinated ether composition of the present
invention (hereinafter referred to as the present composition)
is a composition containing at least 95 mass % of the present
compound.

[0129] The present composition may contain impurities
other than the present compound. The impurities other than
the present compound mean compounds unavoidable in the
production of the present compound. Specifically, they are
byproducts formed in the production steps for the present
compound and components included in the production steps
for the present compound. The present composition does not
contain the after-described liquid medium. The content of
impurities other than the present compound in the present
composition is preferably at most 5 mass %.

[0130] The content of the present compound in the present
composition is particularly preferably at least 98 mass %.
That is, the content of impurities is particularly preferably at
most 2 mass %. When the content of the present compound is
within such a range, the initial water/oil repellency, abrasion
resistance and fingerprint stain removability will be excellent
when used for surface treatment of a substrate.

[0131] Identification and quantitative determination of
byproducts in the present composition are carried out by
means of "H-NMR (300.4 MHz) and **F-NMR (282.7 MHz).
For example, in a case where the desired compounds (1-1)
and (1-2) are to be produced via a step of hydrosilylation of
the precursor (3), a byproduct will be formed by the hydrosi-
lylation. A case where no spectral peak attributable to such a
byproduct (a compound of the formula (1) wherein B is
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represented by the following formula (2-6)) is detected, is
defined that the content of the byproduct is zero. Here, in a
case where a spectral peak attributable to the byproduct is
observed, the content of the byproduct is obtained by quan-
titative determination by means of an internal standard.

—RACX,0—CH=CHCH;,4 (2-6)

[0132] Likewise, in the case of producing the desired com-
pound (1-4) via a step ot hydrosilylation of the precursor (16),
a byproduct will be formed by the hydrosilylation. Such a
byproduct is a compound (hereinafter referred to as the com-
pound (20)) ofthe formula (1) wherein B is represented by the
following formula (2-7).

—RACH,CH, (2-7)

[0133] Likewise, in the case of producing the desired com-
pound (1-5) via a step ot hydrosilylation of the precursor (17),
a byproduct will be formed by the hydrosilylation. Such a
byproduct is a compound of the formula (1) wherein B is
represented by the following formula (2-8).

—RACH,CH,CH; (2-8)

[0134] Further, in the case of producing the desired com-
pounds (1-4) and (1-5), in the reaction of iodizing the com-
pound (8) to obtain the compound (18), a compound (here-
inafter referred to as the compound (21)) of the formula (1)
wherein B is represented by the following formula (2-9), is
likely to be formed as a byproduct.

__RPH (2-9)

[Method for Producing Substrate Having Surface-Treated
Layer]

(Dry Coating Method)

[0135] The present compound and the present composition
can be used as they are for a method for producing a substrate
having a surface-treated layer, by treating the surface of the
substrate by a dry coating method. The present compound and
the present composition are suitable to form a surface-treated
layer excellent in the adhesion by a dry coating method. The
dry coating method may, for example, be a technique such as
vacuum deposition, CVD or sputtering. A vacuum deposition
method can be suitably used with a view to preventing decom-
position of the present compound and in view of simplicity of
the apparatus. The vacuum deposition method can be classi-
fied into a resistance heating method, an electron beam heat-
ing method, a high frequency induction heating method, a
reactive deposition method, a molecular beam epitaxy
method, a hot wall deposition method, an ion plating method,
a cluster ion beam method, etc., and any method can be used.
A resistance heating method can be suitably used with a view
to preventing decomposition of the present compound and in
view of simplicity of the apparatus. The vacuum deposition
apparatus is not particularly limited, and a known apparatus
may be used.

[0136] In a case where a vacuum deposition method is
employed, the film deposition conditions vary depending
upon the type of the vacuum deposition method to be applied,
and in the case of a resistance heating method, the degree of
vacuum before deposition is preferably at most 1x1072 Pa,
particularly preferably at most 1x10~> Pa. The heating tem-
perature of the deposition source is not particularly limited so
long as it is a temperature at which the present compound or
the present composition used as the deposition source has a
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sufficient vapor pressure. It is specifically preferably from 30
to 400° C., particularly preferably from 50 to 300° C. When
the heating temperature is at least the lower limit value of the
above range, the film deposition rate will be good. When it is
at most the upper limit value of the above range, it is possible
to impart initial water/oil repellency, abrasion resistance and
fingerprint stain removability to the substrate surface without
causing decomposition of the present compound.

[0137] Atthetime of vacuum deposition, the substrate tem-
perature is preferably within a range of from room tempera-
ture (20 to 25° C.)to 200° C. When the substrate temperature
is at most 200° C., the film deposition rate will be good. The
upper limit value of the substrate temperature is more prefer-
ably at most 150° C., particularly preferably at most 100° C.
[0138] In a case where the surface of a substrate is treated
by a dry coating method using the present compound or the
present composition, the surface-treated layer to be formed
on the surface of the substrate by the treatment has a film
thickness of preferably from 1 to 100 nm, particularly pref-
erably from 1 to 50 nm. When the film thickness of the
surface-treated layer is at least the lower limit value of the
above range, the effect by the surface treatment is readily
sufficiently obtainable. When it is at most the upper limit
value of the above range, the utilization efficiency tends to be
high. To measure the film thickness, for example, an interfer-
ence pattern of reflected X-rays is obtained by an X-ray
reflectance method using an X-ray diffractometer for thin-
film analysis ATX-G (manufactured by Rigaku Corporation),
and from the oscillation period of the interference pattern, the
film thickness can be calculated.

[0139] Particularly, in the vacuum deposition method, the
effect to improve the initial water/oil repellency, abrasion
resistance and fingerprint stain removability is large, since the
content of the present compound in the present composition is
large, and the content of impurities is small. This is consid-
ered to be such that it is thereby possible to prevent vapor
deposition of byproducts having small molecular weights, as
impurities, on the surface of a substrate, prior to the present
compound, to hinder chemical bonds between the surface of
the substrate and the present compound to provide the effect.

(Wet Coating Method)

[0140] A substrate having a surface-treated layer can be
produced by applying a coating liquid containing the present
compound to the surface of a substrate, followed by drying.

[0141] As a method for applying the coating liquid, a
known technique may suitably be employed.

[0142] The application method is preferably a spin coating
method, a wipe coating method, a spray coating method, a
squeegee coating method, a dip coating method, a die coating
method, an ink jet method, a flow coating method, a roll
coating method, a casting method, a Langmuir-Blodgett
method or a gravure coating method.

[0143] The method for drying may be any method so long
as it is capable of drying and removing the medium, and a
known technique may suitably be employed. The temperature
for drying is preferably from 10 to 300° C., particularly pref-
erably from 20 to 200° C.

[0144] The surface-treated layer to be formed on the sur-
face of the substrate after the medium is dried and removed,
has a film thickness of preferably from 1 to 100 nm, particu-
larly preferably from 1 to 50 nm. When the film thickness of
the surface-treated layer is at least the lower limit value of the
above range, the effect by the surface treatment is readily
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sufficiently obtainable. When it is at most the upper limit
value of the above range, the utilization efficiency tends to be
high. Measurement of the film thickness can be carried out in
the same manner as the method of measuring the film thick-
ness of the surface-treated layer formed by a dry coating
method.

(Post Treatment)

[0145] After the surface-treated layer is formed on the sub-
strate surface by the above dry coating method or wet coating
method, in order to improve the durability against abrasion of
the surface-treated layer, an operation to promote the reaction
of' the fluorinated ether compound with the substrate may be
carried out as the case requires. Such an operation may, for
example, be heating, humidification or light irradiation. For
example, a substrate having a surface-treated layer formed in
an atmosphere containing moisture is heated to promote a
reaction such as hydrolysis of the hydrolyzable silyl group
into a silanol group, a reaction of the silanol group withe.g. a
hydroxy group on the substrate surface, or formation of a
siloxane bond by a condensation reaction of silanol groups.
[0146] After the surface treatment, a compound in the sur-
face-treated layer which is not chemically bonded to another
compound or the substrate, may be removed as the case
requires. As a specific method, for example, a method of
washing the surface-treated layer with a solvent, or a method
of wiping the surface-treated layer with cloth impregnated
with a solvent, may be mentioned.

(Coating Liquid)

[0147] The coating liquid of the present invention (herein-
after referred to as the present coating liquid) contains the
present compound and a medium. The medium is preferably
liquid. The present coating liquid is in a liquid form and may
be a solution or a dispersion.

[0148] The present coating liquid contains the present com-
pound and may contain impurities such as byproducts formed
in the production steps for the present compound. Accord-
ingly, the present coating liquid may contain the present com-
position and a medium.

[0149] The concentration of the present compound is pref-
erably from 0.001 to 10 mass %, particularly preferably from
0.1 to 1 mass % in the present coating liquid.

<Medium>

[0150] The medium is preferably an organic solvent. The
organic solvent may be a fluorinated organic solvent or a
non-fluorinated organic solvent, or may contain both sol-
vents.

[0151] The fluorinated organic solvent may, for example,
be a fluorinated alkane, a fluorinated aromatic compound, a
fluoroalkyl ether, a fluorinated alkylamine or a fluoroalcohol.
[0152] The fluorinated alkane is preferably a C, ; com-
pound. As commercially available products, for example,
C¢F,3H (AC-2000, tradename, manufactured by Asahi Glass
Company, Limited), C.F,;C,Hs (AC-6000, tradename,
manufactured by Asahi Glass Company, Limited) and
C,F,CHFCHFCF, (Vertrel, tradename, manufactured by Du
Pont Kabushiki Kaisha) may, for example, be mentioned.
[0153] The fluorinated aromatic compound may, for
example, be hexafluorobenzene, trifluoromethylbenzene,
perfluorotoluene or bis(trifluoromethyl)benzene.
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[0154] The fluoroalkyl ether is preferably a C, ,, com-
pound. As commercially available products, for example,
CF;CH,OCF,CF,H (AE-3000, tradename, manufactured by
Asahi Glass Company, Limited), C,F;OCH; (Novec-7100,
tradename, manufactured by Sumitomo 3M Limited),
C,F,O0C,H; (Novec-7200, tradename, manufactured by
Sumitomo 3M Limited) and C4F,;OCH; (Novec-7300,
tradename, manufactured by Sumitomo 3M Limited) may,
for example, be mentioned.

[0155] The fluorinated alkylamine may, for example, be
perfluorotripropylamine or perfluorotributylamine.

[0156] The fluoroalcohol may, for example, be 2,2,3,3-tet-
rafluoropropanol, 2,2, 2-trifluoroethanol or hexafluoroisopro-
panol.

[0157] The fluorinated organic solvent is preferably a flu-
orinated alkane, a fluorinated aromatic compound or a fluo-
roalkyl ether in view of the solubility of the present com-
pound, and particularly preferred is a fluoroalkyl ether.
[0158] The non-fluorinated organic solvent is preferably a
compound composed solely of hydrogen atoms and carbon
atoms or a compound composed solely of hydrogen atoms,
carbon atoms and oxygen atoms, and may, for example, be a
hydrocarbon organic solvent, an alcohol organic solvent, a
ketone organic solvent, an ether organic solvent or an ester
organic solvent.

[0159] The hydrocarbon organic solvent is preferably hex-
ane, heptane, cyclohexane or the like.

[0160] The alcohol organic solvent is preferably methanol,
ethanol, propanol, isopropanol or the like.

[0161] The ketone organic solvent is preferably acetone,
methyl ethyl ketone, methyl isobutyl ketone or the like.
[0162] The ether organic solvent is preferably diethyl ether,
tetrahydrofuran, tetracthylene glycol dimethyl ether or the
like.

[0163] The ester organic solvent is preferably ethyl acetate,
butyl acetate or the like.

[0164] The non-fluorinated organic solvent is particularly
preferably aketone organic solvent in view of the solubility of
the present compound.

[0165] The medium is preferably at least one organic sol-
vent selected from the group consisting of the fluorinated
alkane, the fluorinated aromatic compound, the fluoroalkyl
ether, the compound composed solely of hydrogen atoms and
carbon atoms and the compound composed solely of hydro-
gen atoms, carbon atoms and oxygen atoms. Particularly
preferred is a fluorinated organic solvent selected from the
fluorinated alkane, the fluorinated aromatic compound and
the fluoroalkyl ether.

[0166] Themedium preferably contains at least one organic
solvent selected from the group consisting of the fluorinated
alkane, the fluorinated aromatic compound, the fluoroalkyl
ether, as fluorinated organic solvents, the compound com-
posed solely of hydrogen atoms, carbon atoms and oxygen
atoms, as non-fluorinated solvents, in a total amount of at
least 90 mass %, based on the entire medium with a view to
increasing the solubility of the present compound.

[0167] The present coating liquid contains preferably from
9010 99.999 mass %, particularly preferably from 99 to 99.99
mass %, of the medium.

[0168] The present coating liquid may contain other com-
ponents in addition to the present compound and the medium,
within a range not to impair the effects of the present inven-
tion.
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[0169] Such other components may, for example, be known
additives such as an acid catalyst or a basic catalyst, which
promotes hydrolysis of the hydrolyzable silyl group and a
condensation reaction, etc.

[0170] The acid catalyst may, for example, be hydrochloric
acid, nitric acid, acetic acid, sulfuric acid, phosphoric acid,
sulfonic acid, methanesulfonic acid or p-toluenesulfonic
acid.

[0171] The basic catalyst may, for example, be sodium
hydroxide, potassium hydroxide or ammonia.

[0172] In the present coating liquid, the content of other
components is preferably at most 10 mass %, particularly
preferably at most 1 mass %.

[0173] The solid content concentration of the present coat-
ing liquid is preferably from 0.001 to 10 mass %, particularly
preferably from 0.01 to 1 mass %. The solid content concen-
tration of the coating liquid is a value calculated from the
mass of the coating liquid before heating and the mass after
the coating liquid is heated by a convection dryer at 120° C.
for 4 hours. Further, the concentration of the present compo-
sition can be calculated from the solid content concentration
and the amounts of charge of the present composition, the
medium, etc.

(Substrate)

[0174] In the present invention, the substrate to be sub-
jected to surface treatment is not particularly limited so long
asitis a substrate to which the water/oil repellency is required
to be imparted. The material of the surface of the substrate
may, for example, be a metal, a resin, glass, a ceramic or a
composite material thereof.

[0175] By surface treatment of the substrate using the
present compound, the present composition containing it or
the present coating liquid to form a surface-treated layer,
good initial water/oil repellency is imparted and at the same
time, excellent abrasion resistance whereby the water/oil
repellency is hardly decreased even by repeated abrasion of
the surface, and a performance (fingerprint stain removabil-
ity) whereby a fingerprint stain on the surface of a substrate
can easily be removed, are obtainable. Accordingly, the sub-
strate having a surface-treated layer thus obtained, has good
initial water/oil repellency and also has excellent abrasion
resistance and fingerprint stain removability, whereby it is
useful as a member constituting a touch panel. A touch panel
means an input device of an input/display device (touch panel
device) comprising a device to input contact location infor-
mation by contact by e.g. fingers and a display device in
combination. The touch panel comprises a substrate, and
depending upon the input detection method, a transparent
electrically conductive membrane, an electrode, a wiring, an
1C, etc. A touch panel having good fingerprint stain remov-
ability can be obtained by disposing the substrate so that its
surface having a surface-treated layer becomes an input
screen of the touch panel.

[0176] The material of the substrate for a touch panel has
translucency. Here, “has translucency” means that the normal
incidence visible light transmittance in accordance with JIS
R3106 is at least 25%.

[0177] The material of the substrate for a touch panel is
preferably glass or a transparent resin. The glass is preferably
soda lime glass, alkali aluminosilicate glass, borosilicate
glass, alkali-free glass, crystal glass or quartz glass, particu-
larly preferably chemically tempered soda lime glass, chemi-
cally tempered alkali aluminosilicate glass or chemically
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tempered borosilicate glass. The transparent resin substrate is
preferably an acrylic resin or polycarbonate.

[0178] Further, the substrate in the present invention is also
preferably a substrate for a display constituting the outermost
surface of a display such as a liquid crystal display, a CRT
display, a projection display, a plasma display or an EL dis-
play, and by forming a surface-treated layer by surface treat-
ment using the present compound, the present composition or
the present coating liquid, good fingerprint stain removability
will be obtained.

EXAMPLES

[0179] Now, the present invention will be described in fur-
ther detail with reference to Examples. However, it should be
understood that the present invention is by no means
restricted to such specific Examples. In the following, “%”
means “mass %" unless otherwise specified. Ex. 1 to 8, 11 to
18,31 t0 32 and 41 to 42 are Examples of the present inven-
tion, and Ex. 9 and 19 are Comparative Examples.

Ex. 1
Production of Composition (A)

Ex. 1-1

[0180] Into a 300 mL three-necked round-bottomed flask,
14.1 g of a sodium borohydride powder was put, and 350 g of
AK-225 (trade name, manufactured by Asahi Glass Com-
pany, Limited) was added. While cooling and stirring in an ice
bath, a solution having 100 g of a compound (12a), 15.8 g of
methanol and 22 g of AK-225 mixed, was slowly dropwise
added in a nitrogen atmosphere so that the internal tempera-
ture would not exceed 10° C. After dropwise addition of the
entire amount, a solution having 10 g of methanol and 10 g of
AK-225 mixed, was dropwise added. Then, the ice bath was
removed, and while raising the temperature slowly to room
temperature, stirring was continued. After stirring at room
temperature for 12 hours, the reaction mixture was cooled
again in an ice bath, and an aqueous hydrochloric acid solu-
tion was dropwise added until the liquid became acidic. After
termination of the reaction, the reaction mixture was washed
once with water and once with a saturated aqueous sodium
chloride solution, whereupon an organic phase was recov-
ered. The recovered organic phase was dried over magnesium
sulfate, and then, the solid content was filtered off, and the
filtrate was concentrated by an evaporator. The recovered
concentrated liquid was distilled under reduced pressure to
obtain 80.6 g (yield: 88%) of the compound (11a).

CF,—CFO—CF,CF,CF,COOCH, (12a)

CF;—CFO—CF,CF,CF,CH,OH (11a)

NMR Spectrum of Compound (11a):

[0181] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 2.2 (1H), 4.1 (2H).

[0182] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -85.6 (2F), -114.0 (1F),
-122.2 (1F), -123.3 (2F), -127.4 (2F), -135.2 (1F).

Ex. 1-2-1

[0183] Into a 500 mL eggplant flask connected to a reflux
condenser, 300 g of the compound (11a) obtained in Ex. 1-1,
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and 13.5 g of trifluoroethanol (hereinafter referred to as
TFEO) were introduced, and 9.34 g of a potassium carbonate
powder was added. After stirring at 65° C. for one hour in a
nitrogen atmosphere, the temperature was raised to 100° C.
over a period of 7 hours, followed by further stirring for 3
hours. By NMR, it was confirmed that the vinyl ether group of
the compound (11a) was completely disappeared. Excess
potassium carbonate was treated by adding an aqueous
hydrochloric acid solution, and water and AK-225 were
added to carry out liquid separation treatment. After washing
with water three times, the organic phase was recovered and
concentrated by an evaporator to obtain 279 g of an oligomer
with a high viscosity. It was diluted again with 110 g of
AK-225 and developed and fractionated by silica gel column
chromatography (developing solvent: AK-225). With respect
to each fraction, an average value of the number of units (n+1)
was obtained from the integrated value of *’F-NMR. 47 g of
a compound (10a-11) having fractions with an average value
of (n+1) in the following formula (10a-1) being from 7 to 10
put together, and 19 g of a compound (10a-1ii) having frac-
tions with an average value of (n+1) being from 13 to 16 put
together, were obtained.

CF,;CH,—O—(CF,CFHO—CF,CF,CF,CH,0),,,
1—H (10a-1)

Ex. 1-2-2

[0184] Into a 100 mL eggplant flask connected to a reflux
condenser, 6.64 g of TFEO was introduced, and 7.32 g of a
potassium carbonate powder was added. While stirring at 75°
C. in a nitrogen atmosphere, 19.87 g of the compound (11a)
obtained in Ex. 1-1 was added, followed by stirring for one
hour. Then, the temperature was raised to 120° C., and 113.34
g of the compound (11a) was slowly dropwise added while
controlling so that the internal temperature would be at most
130° C. After dropwise addition of the entire amount, stirring
was continued for further one hour while maintaining the
temperature at 120° C., whereupon heating was terminated,
and stirring was continued until the temperature dropped to
room temperature. Excess potassium carbonate was treated
by adding an aqueous hydrochloric acid solution, and water
and AK-225 were added to carry out liquid separation treat-
ment. After washing three times with water, the organic phase
was recovered and concentrated by an evaporator to obtain an
oligomer with a high viscosity. It was diluted again with 150
g of AK-225 and developed and fractionated by silica gel
column chromatography (developing solvent: AK-225). With
respect to each fraction, an average value of the number of
units (n+1) was obtained from the integrated value of '°F-
NMR. 48.5 g of acompound (10a-1i) having fractions with an
average value of (n+1) in the above formula (10a-1) being
from 7 to 10 put together, and 13.2 g of a compound (10a-1ii)
having fractions with an average value of (n+1) being from 13
to 16 put together, were obtained.

NMR Spectrum of Compound (10a-11):

[0185] 'H-NMR (300.4 MHz, solvent: deuterated acetone,
standard: TMS) 8 (ppm): 4.1 (2H), 4.8 (16H), 6.7~6.9 (8H).

[0186] '°F-NMR (282.7 MHz, solvent: deuterated acetone,
standard: CFCl;) 6 (ppm): -74.2 (3F), -84.3~-85.1 (16F),
-89.4~-90.5 (16F),-120.2 (14F),-122.0 (2F), -126.6 (14F),
-127.0 (2F), -145.1 (8F).
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[0187] Average value of the number of units (n+1): 8
NMR Spectrum of Compound (10a-1ii):

[0188] 'H-NMR (300.4 MHz, solvent: deuterated acetone,
standard: TMS) d (ppm): 4.1 (2H), 4.8 (28H), 6.7-6.9 (14H).
[0189] '°F-NMR (282.7 MHz, solvent: deuterated acetone,
standard: CFCl;) 6 (ppm): -74.2 (3F), -84.3~-85.1 (28F),
-89.4~-90.5 (28F), -120.2 (26F), -122.0 (2F), -126.6 (26F),
-127.0 (2F), -145.1 (14F).

[0190] Average value of the number of units (n+1): 14
Ex. 1-3
[0191] Into a 300 mL eggplant flask connected to a reflux

condenser, 113.33 g of the compound (10a-11) obtained in Ex.
1-2, 5.0 g of a sodium fluoride powder and 150 g of AK-225
were introduced, and 84.75 g of CF;CF,CF,OCF(CF;)COF
was added. After stirring at 50° C. for 13 hours in a nitrogen
atmosphere, stirring was continued at 70° C. for 3 hours. After
removing the sodium fluoride powder by pressure filtration,
excess CF;CF,CF,OCF(CF;)COF and AK-225 were dis-
tilled oft under reduced pressure. By silica gel column chro-
matography (developing solvent: AK-225), highly polar
impurities were removed to obtain 100.67 g (yield: 80%) of a
compound (9a-11) of the following formula (9a-1) wherein
the average value of the number of units (n+1) is 8.
CF3CH,—O—(CF,CFHO—CF,CF,CF,CH,0),,;—
C(=0)CF(CF3)OCF,CF,CFj (9a-1)

NMR Spectrum of Compound (9a-1

[0192] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) & (ppm): 4.4 (16H), 4.9 (2H), 6.0-6.2
(8H).

[0193] '°F-NMR (282.7 MHz, solvent: deuterated chloro-

form, standard: CFCl;) 8 (ppm): -75.2 (3F), -80.0 (1F),
-81.9 (3F), -82.7 (3F), -84.7~-85.0 (16F), -86.0 (1F), -90.
5~-93.0 (16F), -121.1 (2F), -121.5 (14F), -128.0 (16F),
-130.3 (2F), -132.5 (1F), -145.3 (8F).

[0194] Average value of the number of units (n+1): 8
Ex. 14
[0195] An autoclave (made of nickel, internal capacity: 1

L) was provided, and at a gas discharge outlet of the auto-
clave, a condenser held at 0° C., a NaF pellets-packed layer
and a condenser held at —10° C. were set in series. Further, a
liquid-returning line to return a liquid condensed from the
condenser held at —10° C. to the autoclave, was set.

[0196] Into the autoclave, 750 g of R-113 (CF,CICFCl,)
was put and stirred while maintaining the temperature at 25°
C. After blowing nitrogen gas at 25° C. for one hour into the
autoclave, fluorine gas diluted to 20 vol % with nitrogen gas
(hereinafter referred to as the 20% fluorine gas), was blown
into it at 25° C. for one hour at a flow rate of 3.2 L/hr. Then,
while blowing the 20% fluorine gas at the same flow rate, a
solution having 130 g of the compound (9a-1i) obtained in
Ex. 1-3 dissolved in 448 g of R-113, was injected into the
autoclave over a period of 22 hours.

[0197] Then, while blowing the 20% fluorine gas at the
same flow rate, the internal pressure of the autoclave was
raised to 0.15 MPa (gauge pressure). Into the autoclave, 8 mL,
of a benzene solution containing 0.015 g/mL of benzene in
R-113, was injected while heating to from 25° C. to 40° C.,
whereupon the benzene solution injection inlet of the auto-
clave was closed. After stirring for 20 minutes, 4 mL of the
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benzene solution was injected again while maintaining the
temperature at 40° C., whereupon the injection inlet was
closed. The same operation was further repeated 7 times. The
total injected amount of benzene was 0.6 g.

[0198] Further, stirring was continued for one hour while
blowing the 20% fluorine gas at the same flow rate. Then, the
internal pressure of the autoclave was adjusted to the atmo-
spheric pressure, and nitrogen gas was injected for one hour.
The content in the autoclave was concentrated by an evapo-
rator to obtain 152.1 g (yield: 99%) of a compound (7a-11) of
the following formula (7a-1) wherein the average value of the
number of units (n) is 7.
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CF,0—C(=0)CF(CF3)
OCF,CF,CF, (7a-1)

NMR Spectrum of Compound (7a-1i):

[0199] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -80.0 (1F), -82.0~-82.5
(6F), -84.0 (30F), -86.7~87.8 (6F), -89.2 (34F), -126.5
(32F), -130.4 (2F), —-132.4 (1F).

[0200] Average value of the number of units (n): 7
Ex. 1-5
[0201] Intoa 500 mL round-bottomed eggplant flask made

ofatetrafluoroethylene/perfluoro(alkoxy vinyl ether) copoly-
mer (hereinafter referred to as PFA), 120 g of the compound
(7a-1i) obtained in Ex. 1-4 and 240 g of AK-225 were put.
While cooling and stirring in an ice bath, 6.1 g of methanol
was slowly dropwise added from a dropping funnel in a
nitrogen atmosphere. Stirring was continued for 12 hours
while bubbling with nitrogen. The reaction mixture was con-
centrated by an evaporator to obtain 108.5 g (yield: 100%) of
a precursor (4a-1i) of the following formula (4a-1) wherein
the average value of the number of units (n) is 7.
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,C(=0)OCF, (4a-1)

NMR Spectrum of Precursor (4a-11):

[0202] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.9 (3H).

[0203] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCL;) & (ppm): -84.0 (30F), -88.2 (3F),
-89.2 (34F), -119.8 (2F), -126.5 (30F).

[0204] Average value of the number of units (n): 7
Ex. 1-6
[0205] Intoa300mlL eggplant flask, 92.5 g of the precursor

(4a-11) obtained in Ex. 1-5 and 6.51 g of H,NCH,CH,CH,Si
(OCH,;), were put and stirred for 12 hours. From NMR, it was
confirmed that 98% of the precursor (4a-11) was converted to
a compound (1-3a-1i). Further, all of H,NCH,CH,CH,Si
(OCH,); was reacted, and methanol was formed as a byprod-
uct. Thus, a composition (A) containing 97% of the com-
pound (1-3a-1i) of the following formula (1-3a-1) wherein
the average value of the number of units (n) is 7, was obtained.
The number average molecular weight of the compound
(1-3a-1i) was 2,900. The results are shown in Table 1.
CF;3CF,—O—(CF,CF,0-CF,CF,CF,CF,0),—
CF,CF,0-CF,CF,CF,C(=0)

NHCH,CH,CH,—Si(OCH,), (1-3a-1)
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NMR Spectrum of Compound (1-3a-1i):

[0206] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 3 (ppm): 0.6 (2H), 1.6 (2H), 2.8 (1H),
3.3 (2H), 3.5 (9H).

[0207] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -84.1 (30F), —-87.9 (3F),
-89.3 (34F), -120.8 (2F), -126.6 (28F), -127.2 (2F).

[0208] Average value of the number of units (n): 7
Ex.2
Production of Composition (B)
Ex. 2-1
[0209] Into a 200 mL eggplant flask connected to a reflux

condenser, 114.72 g of the compound (10a-1ii) obtained in
Ex. 1-2-1, 8.1 g of a sodium fluoride powder and 101.72 g of
AK-225 were introduced, and 95.18 g of CF,CF,CF,OCF
(CF,)COF was added. After stirring at 50° C. for 12 hours in
a nitrogen atmosphere, stirring was continued at room tem-
perature overnight. After removing the sodium fluoride pow-
der by pressure filtration, excess CF;CF,CF,OCF(CF;)COF
and AK-225 were distilled off under reduced pressure. By
silica gel column chromatography (developing solvent:
AK-225), highly polar impurities were removed to obtain
94.57 g (yield: 77%) of a compound (9a-1ii) of the above
formula (9a-1) wherein the average value of the number of
units (n+1) is 14.

NMR Spectrum of Compound (9a-1ii):

[0210] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) & (ppm): 4.4 (28H), 4.9 (2H), 6.0-6.2
(14H).

[0211] '°F-NMR (282.7 MHz, solvent: deuterated chloro-

form, standard: CFCl;) 8 (ppm): -75.2 (3F), -80.0 (1F),
-81.9 (3F), -82.7 (3F), -84.7~-85.0 (28F), -86.0 (1F), -90.
5~-93.0 (28F), -121.1 (2F), -121.5 (26F), -128.0 (28F),
-130.3 (2F), -132.5 (1F), -145.3 (14F).

[0212] Average value of the number of units (n+1): 14
Ex. 2-2
[0213] An autoclave (made of nickel, internal capacity: 3

L) was provided, and at a gas discharge outlet of the auto-
clave, a condenser held at 0° C., a NaF pellets-packed layer
and a condenser held at —10° C. were set in series. Further, a
liquid-returning line to return a liquid condensed from the
condenser held at —10° C. to the autoclave, was set.

[0214] Into the autoclave, 2,350 g of R-113 was put and
stirred while maintaining the temperature at 25° C. After
blowing nitrogen gas at 25° C. for one hour into the autoclave,
the 20% fluorine gas was blown into it at 25° C. for one hour
at a flow rate of 4.2 L/hr. Then, while blowing the 20%
fluorine gas at the same flow rate, a solution having 213 g of
the compound (9a-1ii) obtained in Ex. 2-1 dissolved in 732 g
of R-113, was injected into the autoclave over a period of 29
hours.

[0215] Then, while blowing the 20% fluorine gas at the
same flow rate, the internal pressure of the autoclave was
raised to 0.15 MPa (gauge pressure). Into the autoclave, 4 mL
of a benzene solution containing 0.009 g/ml of benzene in
R-113, was injected while heating to from 25° C. to 40° C.,
whereupon the benzene solution injection inlet of the auto-
clave was closed. After stirring for 20 minutes, 5 mL of the
benzene solution was injected again while maintaining the
temperature at 40° C., whereupon the injection inlet was
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closed. The same operation was further repeated 7 times. The
total injected amount of benzene was 0.4 g.

[0216] Further, stirring was continued for one hour while
blowing the 20% fluorine gas at the same flow rate. Then, the
internal pressure of the autoclave was adjusted to the atmo-
spheric pressure, and nitrogen gas was injected for one hour.
The content in the autoclave was concentrated by an evapo-
rator to obtain 250.1 g (yield: 99%) of a compound (7a-1ii) of
the above formula (7a-1) wherein the average value of the
number of units (n) is 13.

NMR Spectrum of Compound (7a-1ii):
[0217] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -80.3 (1F), -82.0~-82.5

(6F), —84.2 (54F), -86.9~88.0 (6F), -89.4 (58F), -126.6
(56F), -130.4 (2F), -132.4 (1F).

[0218] Average value of the number of units (n): 13
Ex.2-3
[0219] Intoa 500 mL round-bottomed eggplant flask made

of PFA, 110 g of the compound (7a-1ii) obtained in Ex. 2-2
and 220 g of AK-225 were put. While cooling and stirring in
an ice bath, 3.5 g of methanol was slowly dropwise added
from a dropping funnel in a nitrogen atmosphere. Stirring was
continued for 12 hours while bubbling with nitrogen. The
reaction mixture was concentrated by an evaporator to obtain
103 g (yield: 100%) of a precursor (4a-1ii) of the above
formula (4a-1) wherein the average value of the number of
units (n) is 13.

NMR Spectrum of Precursor (4a-1ii):

[0220] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.9 (3H).

[0221] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -84.0 (54F), -88.2 (3F),
-89.2 (58F), -119.8 (2F), —-126.5 (54F).

[0222] Average value of the number of units (n): 13
Ex.2-4
[0223] Into a300 mL eggplant flask, 100.5 g of the precur-

sor (4a-lii) obtained in Ex. 2-3 and 438 g of
H,NCH,CH,CH,Si(OCH;); were put and stirred for 12
hours. From NMR, it was confirmed that 98% of the precursor
(4a-1ii) was converted to a compound (1-3a-1ii). Further, all
of H,NCH,CH,CH,Si(OCH;), was reacted, and methanol
was formed as a byproduct. Thus, a composition (B) contain-
ing 97% of the compound (1-3a-1ii) of the above formula
(1-3a-1) wherein the average value of the number of units (n)
is 13, was obtained. The number average molecular weight of
the compound (1-3a-1ii) was 4,900. The results are shown in
Table 1.

NMR Spectrum of Compound (1-3a-1ii):

[0224] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.6 (2H), 1.6 (2H), 2.8 (1H),
3.3 (2H), 3.5 (9H).

[0225] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCL;) & (ppm): -84.1 (54F), -87.9 (3F),
-89.3 (58F), —-120.8 (2F), ~126.6 (52F), —127.2 (2F).

[0226] Average value of the number of units (n): 13
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Ex.3
Production of Mixture (C)

Ex. 3-1

[0227] Intoa 500 mL three-necked eggplant flask, 0.92 g of
lithium chloride was dissolved in 91.6 g of ethanol. 120.0 g of
the precursor (4a-1i) obtained in Ex. 1-5, i.e. the compound
(6a-11), was added thereto, and while cooling in an ice bath, a
solution having 3.75 g of sodium borohydride dissolved in
112.4 g of ethanol, was slowly dropwise added. Thereafter,
the ice bath was removed, and stirring was continued while
raising the temperature slowly to room temperature. After
stirring at room temperature for 12 hours, an aqueous hydro-
chloric acid solution was dropwise added until the liquid
became acidic. 100 mL of AK-225 was added, and after
washing once with water and once with a saturated sodium
chloride aqueous solution, the organic phase was recovered.
The recovered organic phase was concentrated by an evapo-
rator to obtain 119.0 g (yield: 100%) of a compound (5a-11) of
the following formula (5a-1) wherein the average value of the
number of units (n) is 7.
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0H (5a-1)

NMR Spectrum of Compound (5a-1i):

[0228] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.8 (1H), 4.0 (2H).

[0229] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -84.1 (30F), -87.7 (3F),
-89.3 (34F), -123.7 (2F), -126.6 (28F), -127.8 (2F).

[0230] Average value of the number of units (n): 7

Ex. 3-2

[0231] Intoa 500 mL three-necked eggplant flask, 2.26 g of
sodium hydride was suspended in 22.6 g of tetrahydrofuran
(hereinafter referred to as THF). A solution having 118.5 g of
the compound (5a-1i) obtained in Ex. 3-1 diluted with 212.4
g of AC-2000 (trade name, manufactured by Asahi Glass
Company, Limited), was dropwise added thereto, and further,
15.7 g of allyl bromide was dropwise added. The mixture was
adjusted to 70° C. in an oil bath and stirred for 5 hours. The
obtained reaction crude liquid was washed once with water
and once with a saturated sodium chloride aqueous solution,
and the organic phase was recovered. The recovered organic
phase was passed through a silica gel column, and the recov-
ered solution was concentrated by an evaporator and washed
three times with hexane to obtain 99.9 g (yield: 83%) of a
precursor (3Ha-11) of the following formula (3Ha-1) wherein
the average value of the number of units (n) is 7.
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CH,0—CH,CH=—CH, (3Ha-1)

NMR Spectrum of Precursor (3Ha-11):

[0232] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.8 (2H), 4.1 (2H), 5.2 (2H),
5.9 2H).

[0233] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -84.1 (30F), —-87.7 (3F),
-89.3 (34F), -120.5 (2F), -126.6 (28F), -127.6 (2F).

[0234] Average value of the number of units (n): 7
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Ex.3-3

[0235] Into a 100 mL closed type pressure resistant con-
tainer made of polytetrafluoroethylene (hereinafter referred
to as PTFE), 49.0 g of the precursor (3Ha-11) obtained in Ex.
3-2,0.26 g of di-tert-butyl peroxide, 23.7 g of trichlorosilane
and 24.5 g of HFE-7300 (trade name, manufactured by 3M)
were put and stirred at 120° C. for 8 hours. After distilling off
unreacted substances, solvent, etc. by concentration under
reduced pressure, the reaction mixture was put into a flask
equipped with a dropping funnel, and 50 g of HFE-7300 was
put, followed by stirring at room temperature. 15.0 g of a
mixed solution of trimethyl orthoformate and methanol (tri-
methyl orthoformate:methanol=25:1 [mol:mol]) was drop-
wise added and reacted at 60° C. for 3 hours. After completion
of the reaction, the solvent, etc. were distilled off under
reduced pressure, and to the residue, 0.05 g of activated
carbon was added, followed by stirring for one hour, and then,
filtration was carried out by means of a membrane filter with
a pore diameter of 0.5 pm to obtain 49.5 g (yield: 97%) of a
mixture (C) of a compound (1-1Ha-11) of the following for-
mula (1-1 Ha-1) wherein the average value of the number of
units (n) is 7 and a compound (1-2Ha-11) of the following
formula (1-2Ha-1) wherein the average value of the number
of'units (n) is 7. The molar ratio of the compound (1-1Ha-11)
to the compound (1-2Ha-11) was 93:7 from NMR. The num-
ber average molecular weight of the mixture (C) was 2,900.
The results are shown in Table 1.
CF,;CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0CH,CH,CH,—Si
(OCH3); (1-1Ha-1)
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0CH,CH(CH;)—Si

(OCHj3)3 (1-2Ha-1)

NMR Spectrum of Compound (1-1Ha-11):

[0236] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.7 (2H), 1.7 (2H), 3.6 (11H),
3.8 (2H).

[0237] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCL;) & (ppm): -84.1 (30F), -87.7 (3F),
-89.3 (34F), -120.8 (2F), -126.6 (28F), -127.6 (2F).

NMR Spectrum of Compound (1-2Ha-11):

[0238] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.1 (3H), 1.8 (1H), 3.6 (11H),
3.8 (2H).

[0239] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCL;) & (ppm): -84.1 (30F), -87.7 (3F),
-89.3 (34F), -120.8 (2F), -126.6 (28F), -127.6 (2F).

[0240] Average value of the number of units (n): 7
Ex. 4
Production of Mixture (D)
Ex. 4-1
[0241] Into a 500 mL three-necked eggplant flask, 0.57 g of

lithium chloride was dissolved in 57.0 g of ethanol. 128.0 g of
the precursor (4a-1ii) obtained in Ex. 2-3, i.e. the compound
(6a-1ii), was added thereto, and while cooling in an ice bath,
a solution having 2.33 g of sodium borohydride dissolved in
69.9 g of ethanol, was slowly dropwise added. Thereafter, the
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ice bath was removed, and stirring was continued while rais-
ing the temperature slowly to room temperature. After stirring
at room temperature for 12 hours, an aqueous hydrochloric
acid solution was dropwise added until the liquid became
acidic. 100 mIL of AK-225 was added, and after washing once
with water and once with a saturated sodium chloride aqueous
solution, the organic phase was recovered. The recovered
organic phase was concentrated by an evaporator to obtain
127.3 g (yield: 100%) of a compound (5a-1ii) of the above
formula (5a-1) wherein the average value of the number of
units (n) is 13.

NMR Spectrum of Compound (5a-1ii):

[0242] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 2.1 (1H), 4.0 (2H).

[0243] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -84.1 (54F), -87.7 (3F),
-89.3 (58F), -123.7 (2F), -126.6 (52F), -127.8 (2F).

[0244] Average value of the number of units (n): 13
Ex. 4-2
[0245] Into a 500 mL three-necked eggplant flask, 1.40 g of

sodium hydride was suspended in 14.0 g of THF. A solution
having 127.0 g of the compound (5a-1ii) obtained in Ex. 4-1
diluted with 211.5 g of AC-2000 was dropwise added thereto,
and further, 9.71 g of allyl bromide was dropwise added. The
mixture was adjusted to 70° C. in an oil bath and stirred for 5
hours. The obtained reaction crude liquid was washed once
with water and once with a saturated sodium chloride aqueous
solution, and the organic phase was recovered. The recovered
organic phase was passed through a silica gel column, and the
recovered solution was concentrated by an evaporator and
washed three times with hexane to obtain 103.4 g (yield:
81%) of a precursor (3Ha-1ii) of the above formula (3Ha-1)
wherein the average value of the number of units (n) is 13.

NMR Spectrum of Precursor (3Ha-1ii):

[0246] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.8 (2H), 4.1 (2H), 5.2 (2H),
5.9 2H).

[0247] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -84.1 (54F), -87.7 (3F),
-89.3 (58F), -120.5 (2F), -126.6 (52F), -127.6 (2F).

[0248] Average value of the number of units (n): 13
Ex. 4-3
[0249] Into a 100 mL closed type pressure resistant con-

tainer made of PTFE, 51.0 g of the precursor (3Ha-1ii)
obtained in Ex. 4-2, 0.16 g of di-tert-butyl peroxide, 12.6 g of
trichlorosilane and 30.6 g of HFE-7300 were put and stirred at
120° C. for 8 hours. After distilling off unreacted substances,
solvent, etc. by concentration under reduced pressure, the
reaction mixture was put into a flask equipped with a drop-
ping funnel, and 50 g of HFE-7300 was put, followed by
stirring at room temperature. 9.1 g of a mixed solution of
trimethyl orthoformate and methanol (trimethyl orthofor-
mate:methanol=25:1 [mol:mol]) was dropwise added and
reacted at 60° C. for 3 hours. After completion of the reaction,
the solvent, etc. were distilled off under reduced pressure, and
to the residue, 0.05 g of activated carbon was added, followed
by stirring for one hour, and then, filtration was carried out by
means of a membrane filter with a pore diameter of 0.5 um to
obtain 51.1 g (yield: 98%) of a mixture (D) of a compound
(1-1Ha-1ii) of the above formula (1-1Ha-1) wherein the aver-
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age value of the number of units (n) is 13 and a compound
(1-2Ha-1ii) of the above formula (1-2Ha-1) wherein the aver-
age value of the number of units (n) is 13. The molar ratio of
the compound (1-1Ha-1ii) to the compound (1-2Ha-1ii) was
93:7 from NMR. The number average molecular weight of
the mixture (D) was 4,900. The results are shown in Table 1.

NMR Spectrum of Compound (1-1Ha-1ii):

[0250] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.7 (2H), 1.7 (2H), 3.6 (11H),
3.8 (2H).

[0251] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -84.1 (54F), -87.7 (3F),
-89.3 (58F), -120.8 (2F), -126.6 (52F), -127.6 (2F).

NMR Spectrum of Compound (1-2Ha-1ii):

[0252] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.1 (3H), 1.8 (1H), 3.6 (11H),
3.8 (2H).

[0253] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCLy) & (ppm): -84.1 (54F), -87.7 (3F),
-89.3 (58F), -120.8 (2F), -126.6 (52F), -127.6 (2F).

[0254] Average value of the number of units (n): 13

Ex. 5
Production of Compound (E)

Ex. 5-1

[0255] Intoa 50 mL eggplant flask, 10.5 g of the compound
(7a-11) obtained in Ex. 1-4 and 0.32 g of CsF were put and
heated to 80° C. to carry out pyrolysis of the ester, and in order
to remove low boiling point components as byproducts out of
the system, the pressure was reduced to 10 mmHg while
maintaining the temperature at 80° C. and maintained for one
hour. A part was sampled and analyzed by NMR, whereby
formation of a compound (8a-1) was confirmed.
CF,;CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,C(=0)F (8a-1)

Ex. 5-2

[0256] Then, 8.0 g of tetraglyme and 1.12 g of CsF were
added to the eggplant flask, followed by stirring at 50° C. for
one hour in a nitrogen atmosphere. While maintaining the
temperature at 50° C., 0.80 g of allyl bromide was dropwise
added. The temperature was raised to 80° C., and the reaction
was carried out for 12 hours in a nitrogen atmosphere. After
completion of the reaction, extraction and washing were car-
ried out with HFE-7300 as a fluorinated solvent and water,
and after separation into two layers, the organic phase was
recovered. To the organic phase, a 5% sodium hydride aque-
ous solution was added, followed by stirring for 30 minutes,
whereupon the organic phase after separation into two layers,
was recovered. The solvent in the recovered phase was dis-
tilled off under reduced pressure, followed by filtration
through a membrane filter with a pore diameter of 0.5 pm to
obtain 2.3 g (yield: 24%) of a precursor (3Fa-1).
CF,;CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CF,0—CH,CH=CH, (3Fa-1)
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NMR Spectrum of Precursor (3Fa-1):

[0257] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 4.5 (2H), 5.3 (2H), 5.9 (2H.
[0258] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -84.1 (30F), -86.1 (2F),
-87.7 (3F), -89.3 (34F), -126.1 (2F), -126.6 (30F).

[0259] Average value of the number of units (n): 7
Ex. 5-3
[0260] Into a 25 mL eggplant flask, 2.3 g of the precursor

(3Fa-1) obtained in Ex. 5-2, 0.005 g of a platinum/1,3-divi-
nyl-1,1,3,3-tetramethyldisiloxane complex xylene solution
(platinum content: 2%) and 0.55 g of trichlorosilane were put
and stirred at 60° C. for 4 hours. After distilling off unreacted
substances, solvent, etc. by concentration under reduced pres-
sure, the reaction mixture was put into a flask equipped with
adropping funnel, and 5 g of 1,3-bis(trifluoromethyl)benzene
was put, followed by stirring at room temperature. 0.75 g of a
mixed solution of trimethyl orthoformate and methanol (tri-
methyl formatted:methanol=25:1 [mol:mol]) was dropwise
added, and the reaction was carried out at 60° C. for 3 hours.
After completion of the reaction, the solvent, etc. were dis-
tilled off under reduced pressure, and to the residue, 0.05 g of
activated carbon was added, followed by stirring for one hour,
and then filtration was carried out by means of a membrane
filter with a pore diameter of 0.5 um to obtain 2.0 g (yield:
83%) of a compound (1-1 Fa-1) (hereinafter referred to also
as the compound (E)). The number average molecular weight
of the compound (E) was 3,000. The results are shown in
Table 1.
CF;3CF,—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CF,0CH,CH,CH,—Si

(OCH,), (1-1Fa-1)

NMR Spectrum of Compound (1-1Fa-1):

[0261] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.7 (2H), 1.8 (2H), 3.6 (9H),
4.0 (2H).

[0262] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -84.1 (30F), —-86.2 (2F),
-87.7 (3F), -89.3 (34F), -126.1 (2F), -126.5 (30F).

[0263] Average value of the number of units (n): 7
Ex. 6
Production of Composition (F)
Ex. 6-1
[0264] Into a 50 mL eggplant flask connected to a reflux

condenser, 5.01 g of the compound (11a) obtained in Ex. 1-1,
and 5.06 g of methanol were introduced, and 0.54 g of pellets
of potassium hydroxide was added. After stirring at 25° C.
overnight in a nitrogen atmosphere, excess potassium
hydroxide was treated by adding an aqueous hydrochloric
acid solution, and water and AK-225 were added to carry out
liquid separation treatment. After washing with water three
times, the organic phase was recovered and concentrated by
an evaporator to obtain 5.14 g of a methanol adduct. Again
into a 50 mL eggplant flask connected to a reflux condenser,
1.0 g of the methanol adduct and 0.13 g of pellets of potas-
sium hydroxide were added, and while heating at 100° C.,
10.86 g of the compound (11a) was dropwise added. After
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stirring for further 9 hours while maintaining the temperature
at 100° C., excess potassium hydroxide was treated by adding
anaqueous hydrochloric acid solution, and water and AK-225
were added to carry out liquid separation treatment. After
washing with water three times, the organic phase was recov-
ered and concentrated by an evaporator to obtain 11 g of an
oligomer with a high viscosity. It was diluted again with
AK-225 to double and developed and fractionated by silica
gel column chromatography (developing solvent: AK-225).
With respect to each fraction, an average value of the number
of units (n+1) was obtained from the integrated value of
'F.NMR. 4.76 g of a compound (10a-2i) having fractions
with an average value of (n+1) in the following formula
(10a-2) being from 7 to 10 put together, was obtained.

CH;—O—(CF,CFHO—CF,CF,CF,CH,0),, —H

NMR Spectrum of Compound (10a-21):

[0265] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 8 (ppm): 3.7 (3H), 4.0 (2H), 4.4 (14H),
6.0-6.2 (8H).

[0266] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -84.7~-87.0 (16F), -89.
4~-91.6 (16F), -121.5 (14F), -123.4 (2F), -128.0 (16F),
-145.3 (8F).

(10a-2)

[0267] Average value of the number of units (n+1): 8
Ex. 6-2
[0268] Into a 100 mL eggplant flask connected to a reflux

condenser, 11.35 g ofthe compound (10a-2i) obtained in Ex.
6-1, 2.05 g of a sodium fluoride powder and 78 g of AK-225
were introduced, and 9.82 g of CF,CF,CF,OCF(CF;)COF
was added. After stirring at 40° C. for 24 hours in a nitrogen
atmosphere, stirring was continued at room temperature over-
night. After removing the sodium fluoride powder by pressure
filtration, excess CF,CF,CF,OCF(CF;)COF and AK-225
were distilled off under reduced pressure. By silica gel col-
umn chromatography (developing solvent: AK-225), highly
polar impurities were removed to obtain 9.48 g (yield: 75%)
of a compound (9a-2i) of the following formula (9a-2)
wherein the average value of the number of units (n+1) is 8.
CH;—O—(CF,CFHO—CF,CF,CF,CH,0),,,—C
(=O)CF(CF;)OCF,CF,CF; (9a-2)
NMR Spectrum of Compound (9a-2i):
[0269] 'H-NMR (300.4 MHz, solvent: deuterated acetone,
standard: TMS) d (ppm): 3.7 (3H), 4.7 (14H), 5.2 (2H), 6.7-
6.9 (8H).
[0270] '°F-NMR (282.7 MHz, solvent: deuterated acetone,
standard: CFCl,) 8 (ppm): —79.0 (1F), -81.1 (3F), -81.9 (3F),
-83.7~-85.0 (16F), -86.0 (1F), -89.0~-92.0 (16F), -119.8
(2F), -120.2 (14F), -126.6 (16F), -129.3 (2F), -131.5 (1F),
-145.0 (8F).

[0271] Average value of the number of units (n+1): 8
Ex. 6-3
[0272] Anautoclave (made ofnickel, internal capacity: 500

ml.) was provided, and at a gas discharge outlet of the auto-
clave, a condenser held at 0° C., a NaF pellets-packed layer
and a condenser held at —10° C. were set in series. Further, a
liquid-returning line to return a liquid condensed from the
condenser held at =10° C. to the autoclave, was set.

[0273] Into the autoclave, 312 g of R-113 was put and
stirred while the temperature was maintained at 25° C. After
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blowing nitrogen gas at 25° C. for one hour into the autoclave,
the 20% fluorine gas was blown into it at 25° C. for one hour
at a flow rate of 2.0 L/hr.
[0274] Then, while blowing the 20% fluorine gas at the
same flow rate, a solution having 8.4 g of the compound
(9a-21) obtained in Ex. 6-2 dissolved in 84 g of R-113, was
injected into the autoclave over a period of 3.6 hours.
[0275] Then, while blowing the 20% fluorine gas at the
same flow rate, the internal pressure of the autoclave was
raised to 0.15 MPa (gauge pressure). Into the autoclave, 9 mL
of a benzene solution containing 0.015 g/mL of benzene in
R-113, was injected while heating to from 25° C. to 40° C.,
whereupon the benzene solution injection inlet of the auto-
clave was closed. After stirring for 15 minutes, 6 mL of the
benzene solution was injected again while maintaining the
temperature at 40° C., whereupon the injection inlet was
closed. The same operation was further repeated 3 times. The
total injected amount of benzene was 0.33 g.
[0276] Further, stirring was continued for one hour while
blowing the 20% fluorine gas at the same flow rate. Then, the
internal pressure of the autoclave was adjusted to the atmo-
spheric pressure, and nitrogen gas was injected for one hour.
The content in the autoclave was concentrated by an evapo-
rator to obtain 8.8 g (yield: 99%) ofa compound (7a-2i) of the
following formula (7a-2) wherein the average value of the
number of units (n) is 7.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CF,0—C(=0)CF(CF;)

OCF,CF,CF, (7a-2)
NMR Spectrum of Compound (7a-2i):
[0277] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl,) 6 (ppm): -56.2 (3F), -80.0 (1F),
-82.0~-82.5 (6F), -84.1 (30F), -86.7~87.8 (3F), -89.3
(30F), -91.3 (2F), -126.5 (32F), -130.4 (2F), -132.4 (1F).

[0278] Average value of the number of units (n): 7
Ex. 6-4
[0279] Into a 50 mL eggplant flask, 8.8 g of the compound

(7a-21) obtained in Ex. 6-3,0.99 g of sodium fluoride and 10.3
g of AK-225 were put. In a nitrogen atmosphere, 2.1 g of
methanol was added, and after stirring at 50° C. for 2 hours,
stirring was continued at room temperature overnight. After
removing sodium fluoride by pressure filtration, the reaction
mixture was concentrated by an evaporator to obtain 8.5 g
(vield: 99%) of a precursor (4a-2).
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,C(=0)OCH; (4a-2)
NMR Spectrum of Precursor (4a-2):
[0280] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 8 (ppm): 3.9 (3H).
[0281] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -56.2 (3F), -84.0 (30F),
-89.2 (30F), -91.3 (2F), -119.8 (2F), -126.5 (28F), -127.8
2F).

[0282] Average value of the number of units (n): 7
Ex. 6-5
[0283] Into a 6 mL screw bottle, 2.02 g of the precursor

(4a-2) obtained in Ex. 6-4 and 0.18 g of H,NCH,CH,CH,Si
(OCH;); were put and stirred for 12 hours. From NMR, it was
confirmed that 97% of the precursor (4a-2) was converted to
a compound (1-3a-2). Further, all of H,NCH,CH,CH,Si
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(OCH,); was reacted, and methanol was formed as a byprod-
uct. Thus, acomposition (F) containing 96% of the compound
(1-3a-2), was obtained. The number average molecular
weight of the compound (1-3a-2) was 2,900. The results are
shown in Table 1.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,C(=0)
NHCH,CH,CH,—Si(OCHj);
NMR Spectrum of Compound (1-3a-2):
[0284] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.6 (2H), 1.6 (2H), 2.8 (1H),
3.3 (2H), 3.5 (9H).
[0285] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCLy) & (ppm): -56.2 (3F), -84.1 (30F),
-89.3 (30F), -91.3 (2F), -120.8 (2F), -126.6 (28F), -127.2
2P).

(1-3a-2)

[0286] Average value of the number of units (n): 7
Ex. 7
Production of Mixture (G)
Ex.7-1
[0287] Into a 50 mL two-necked eggplant flask, 0.07 g of

aluminum lithium hydride was suspended in 2.7 g of THF.
While cooling in an ice bath, a solution having 6.1 g of the
precursor (4a-2) obtained in Ex. 6-4, i.e. the compound (6a-
2), diluted with 6.0 g of AC-6000 (trade name, manufactured
by Asahi Glass Company, Limited), was slowly dropwise
added. Thereafter, the ice bath was removed, and stirring was
continued while raising the temperature slowly to room tem-
perature. After stirring at room temperature for 12 hours, an
aqueous hydrochloric acid solution was dropwise added until
the liquid became acidic. 15 mL of AK-225 was added, and
after washing once with water and once with a saturated
sodium chloride aqueous solution, the organic phase was
recovered. The recovered organic phase was concentrated by
an evaporator to obtain 5.9 g (yield: 97%) of a compound
(5a-2).
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0H (58-2)

NMR Spectrum of Compound (5a-2):

[0288] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 8 (ppm): 2.0 (1H), 4.0 (2H).

[0289] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (30F),
-89.3 (28F), -91.4 (2F), -123.7 (2F), -126.6 (28F), -128.7
2P).

[0290] Average value of the number of units (n): 7
Ex.7-2
[0291] Into a 50 mL two-necked eggplant flask, 0.11 g of

sodium hydride was suspended in 1.1 g of THF. A solution
having 5.9 g of the compound (5a-2) obtained in Ex. 7-1
diluted with 10 g of AC-6000 was dropwise added thereto,
and further, 1.1 g of allyl bromide was dropwise added. The
mixture was adjusted to 70° C. in an oil bath and stirred for 5
hours. AK-225 was added, and the mixture was washed once
with water and once with a saturated sodium chloride aqueous
solution, whereupon the organic phase was recovered. The
recovered organic phase was passed through a silica gel col-
umn, and the recovered solution was concentrated by an
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evaporator and washed three times with hexane to obtain 3.8
g (yield: 63%) of a precursor (3Ha-2).
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0—CH,CH=CH, (3Ha-2)

NMR Spectrum of Precursor (3Ha-2):

[0292] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.8 (2H), 4.1 (2H), 5.2 (2H),
5.9 2H).

[0293] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (30F),
-89.3 (30F), -91.4 (2F), -120.5 (2F), -126.6 (28F), -128.6

2F).
[0294] Average value of the number of units (n): 7
Ex. 73
[0295] Intoa 50 mL closedtype pressure resistant container

made of PTFE, 3.6 g of the precursor (3Ha-2) obtained in Ex.
7-2,0.03 g of di-tert-butyl peroxide, 1.1 g of trichlorosilane
and 3.6 g of HFE-7300 were put and stirred at 120° C. for 8
hours. After distilling off unreacted substances, solvent, etc.
by concentration under reduced pressure, the reaction mix-
ture was put into a flask equipped with a dropping funnel, and
5 g of 1,3-bis(trifluoromethyl)benzene was put, followed by
stirring at room temperature. 1.0 g of a mixed solution of
trimethyl orthoformate and methanol (trimethyl orthofor-
mate:methanol=25:1 [mol:mol]) was dropwise added and
reacted at 60° C. for 3 hours. After completion of the reaction,
the solvent, etc. were distilled off under reduced pressure, and
to the residue, 0.05 g of activated carbon was added, followed
by stirring for one hour, and then, filtration was carried out by
means of a membrane filter with a pore diameter of 0.5 um to
obtain 3.0 g (yield: 81%) of a mixture (G) of a compound
(1-1Ha-2) and a compound (1-2Ha-2). The molar ratio of the
compound (1-1Ha-2) to the compound (1-2Ha-2) was 90:10
from NMR. The number average molecular weight of the
mixture (G) was 4,900. The results are shown in Table 1.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,0CH,CH,CH,—Si

(OCH,), (1-1Ha-2)
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CH,0CH,CH(CH;)—Si

(OCH,), (1-2Ha-2)

NMR Spectrum of Compound (1-1Ha-2):

[0296] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.7 (2H), 1.7 (2H), 3.6 (11H),
3.8 (2H).

[0297] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (30F),
-89.3 (30F), -91.4 (2F), -120.7 (2F), -126.6 (28F), -128.6
2F).

NMR Spectrum of Compound (1-2Ha-2):

[0298] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.1 (3H), 1.8 (1H), 3.6 (11H),
3.8 (2H).

[0299] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (30F),
-89.3 (30F), -91.4 (2F), -120.7 (2F), -126.6 (28F), -128.6
2F).

[0300] Average value of the number of units (n): 7
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Ex. 8
Production of Mixture (H)

Ex. 8-1

[0301] Into a 300 mL autoclave, 99.2 g of DC-1100 (trade
name, polyether manufactured by NOF Corporation) and 1.1
g of potassium hydroxide were put, and 50.4 g of tert-butanol
was added as a solvent. After heating to 80° C. and stirring
sufficiently, 26.1 g of a compound (15b) represented by the
following formula (15b) was added and reacted at 80° C. for
7 hours. After cooling, 480 g of AK-225 was mixed, and 300
g of a dilute hydrochloric acid (2%) aqueous solution was
added, followed by stirring. After the stirring, the AK-225
layer was recovered, and the solvent was distilled off to obtain
113.1 g a concentrated product. From the obtained concen-
trated product, impurities were removed by supercritical
extraction for purification to obtain 75.0 g (yield: 30.2%) of a
compound (14b) represented by the following formula (14b-
D).

CF,CF,CF,—O—CF,—CF (15b)

CF,3CF,CF,—O—CHFCF,0—(CH,CH,0),, |
(CH,CH,CH,CH,0),,, ,—H (14b-1)

NMR Spectrum of Compound (14b-1):

[0302] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 6 (ppm): 1.7 (33H), 3.4-3.9 (78H), 4.1
(2H), 5.9 (1H).

[0303] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -80.5 (3F), -85.0~-87.5
(2F), =90.3 (2F), -130.3 (2F), -144.9 (1F).

[0304] Average value of the number of units (x1-1): 12
[0305] Average value of the number of units (x2+1): 8

Ex. 8-2

[0306] Into a 200 mL three-necked flask connected to a
reflux condenser, 74.2 g of the compound (14b-1) obtained in
Ex.8-1, 5.1 g of sodium fluoride and 160.6 g of AK-225 were
put and stirred in an ice bath. After stirring sufficiently, 48.1 g
of' a compound (13b) represented by the following formula
(13b) was added and reacted for 7 hours in the ice bath, and
then returned to room temperature. The reaction mixture was
filtered through a filter, and then, the solvent was distilled off,
and the obtained concentrated product was filtered again to
obtain 99.5 g (yield: 98.1%) of a compound (9b-1).

CF;CF,CF,0CF,(CF3)CF,0CF(CF3)COF (13b)
CF;CF,CF,—O—CHFCF,0—(CH,CH,0),,_,
(CH,CH,CH,CH,0),,,,—C(=0)CF(CF3)
OCF,CF(CF;)OCF,CF,CFj (9b-1)
NMR Spectrum of Precursor (9b-1):

[0307] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 6 (ppm): 1.7 (32H), 3.4-3.8 (76H), 4.1
(2H), 4.5 (2H), 5.9 (1H).

[0308] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): —=79~80.5 (4F), -80.4~-83.5
(11F), -84.5~-85.5 (3F), -90.3 (2F), -130.3 (4F), -131.9
(1F), -144.8 (1F) -145.6 (1F).

[0309] Average value of the number of units (x1-1): 12
[0310] Average value of the number of units (x2+1): 8
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Ex. 8-3

[0311] An autoclave (made of nickel, internal capacity: 1
L) was provided, and at a gas discharge outlet of the auto-
clave, a condenser held at 0° C., a NaF pellets-packed layer
and a condenser held at —10° C. were set in series. Further, a
liquid-returning line to return a liquid condensed from the
condenser held at —10° C. to the autoclave, was set.

[0312] Into the autoclave, 748.0 g of R-113 was put and
stirred while the temperature was maintained at 25° C. After
blowing nitrogen gas at 25° C. for one hour into the autoclave,
the 20% fluorine gas was blown into it at 25° C. for one hour
at a flow rate of 2.7 L/hr. Then, while blowing the 20%
fluorine gas at the same flow rate, a solution having 27.5 g of
the compound (9b-1) obtained in Ex. 8-2 dissolved in 572.6 g
of R-113, was injected into the autoclave over a period of 24
hours.

[0313] Then, while blowing the 20% fluorine gas at the
same flow rate, the internal pressure of the autoclave was
raised to 0.15 MPa (gauge pressure). Into the autoclave, 12
ml of a benzene solution containing 0.015 g/mL of benzene
in R-113, was injected while heating to from 25° C.t0 40°C.,
whereupon the benzene solution injection inlet of the auto-
clave was closed.

[0314] Further, stirring was continued for one hour while
blowing the 20% fluorine gas at the same flow rate. Then, the
internal pressure of the autoclave was adjusted to the atmo-
spheric pressure, and nitrogen gas was injected for one hour.
The content in the autoclave was concentrated by an evapo-
rator to obtain 49.7 g (yield: 93%) of a compound (7b-1).
CF3CF,CF,—O0—CF,CF,0—(CF,CF,0),,_,
(CF,CF,CF,CF,0),5,,—C(=0)CF(CF)
OCF,CF(CF;)OCF,CF,CF; (7b-1)

NMR Spectrum of Compound (7b-1):

[0315] '°F-NMR (282.7 MHz, solvent: R113, standard:
CFCly) 8 (ppm): -77.4~-79.0 (1F), -79.8 (3F), -81.5 (11F),
-83.0 ppm (32F), -84.5~-86.5 (3F), —-88.4 (52F), -125.5
(32F), -129.5 (2F), -129.8 (2F), -131.1 (1F), -145.4 (1F).
[0316] Average value of the number of units (x1-1): 12
[0317] Average value of the number of units (x2+1): 8

Ex. 8-4

[0318] Intoa 500 mL round-bottomed eggplant flask made
of PFA, 42.7 g of the compound (7b-1) obtained in Ex. 8-3
and 106.8 g of AK-225 were put. While cooling and stirring in
an ice bath, in a nitrogen atmosphere, 3.5 g of methanol was
slowly dropwise added from a dropping funnel. While bub-
bling with nitrogen, stirring was continued for 12 hours. The
reaction mixture was concentrated by an evaporator to obtain
36.6 g (yield: 97.1%) of a compound (6b-1).
CF,CF,CF,—O0—CF,CF,0—(CF,CF,0),,
(CF,CF,CF,CF,0),,—CF,CF,CF,C(=0)
OCH, (6b-1)

NMR Spectrum of Precursor (6b-1):

[0319] 'H-NMR (300.4 MHz, solvent: R113, standard:
TMS) 8 (ppm): 3.8 (3H).

[0320] '°F-NMR (282.7 MHz, solvent: R113, standard:
CFCly) d (ppm): -81.4 (3F), -82.9 (30F), -84.2 (2F), -88.5
(52F), -118.8 (2F), —125.5 (30F) -129.8 (2F).

[0321] Average value of the number of units (x1-1): 12
[0322] Average value of the number of units (x2): 7
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Ex. 8-5

[0323] Into a 50 mL two-necked eggplant flask, 0.51 g of
aluminum lithium hydride was suspended in 10.1 g of THF.
While cooling in an ice bath, a solution having 36.0 g of the
compound (6b-1) obtained in Ex. 8-4 diluted with 40.0 g of
AC-6000, was slowly dropwise added. Thereafter, the ice
bath was removed, and stirring was continued while raising
the temperature slowly to room temperature. After stirring at
room temperature for 12 hours, an aqueous hydrochloric acid
solution was dropwise added until the liquid became acidic.
15 mL of AK-225 was added, and after washing once with
water and once with a saturated sodium chloride aqueous
solution, the organic phase was recovered. The recovered
organic phase was concentrated by an evaporator, followed
by purification by silica gel column chromatography, to
obtain 3.9 g (yield: 11%) of a compound (5b-1).
CF;CF,CF,—0—CF,CF,0—(CF,CF,0),,_,
(CF,CF,CF,CF,0),,—CF,CF,CF,CH,0H (5b-1)

NMR Spectrum of Compound (5b-1):

[0324] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.9 (1H), 3.9-4.0 (2H).
[0325] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -82.0 (3F), -84.1 (30F),
-85.2 (2F), -89.5 (52F), -123.7 (2F), -126.6 (30F), -130.1
2P).

[0326] Average value of the number of units (x1-1): 12
[0327] Average value of the number of units (x2): 7

Ex. 8-6
[0328] Into a 25 ml two-necked eggplant flask, 0.10 g of

sodium hydride was suspended in 1.4 g of THF. A solution
having 3.9 g of the compound (5b-1) obtained in Ex. 8-5
diluted with 7.3 g of AC-6000 was dropwise added thereto,
and further, 0.57 g of allyl bromide was dropwise added. The
mixture was adjusted to 70° C. in an oil bath and stirred for 5
hours. 5 mL of AK-225 was added, and the mixture was
washed once with water and once with a saturated sodium
chloride aqueous solution, whereupon the organic phase was
recovered. The recovered organic phase was passed through a
silica gel column, and the recovered solution was concen-
trated by an evaporator and washed three times with hexane to
obtain 2.4 g (yield: 61%) of a precursor (3Hb-1).
CF,CF,CF,—0—CF,CF,0—(CF,CF,0),,
(CF,CF,CF,CF,0),5—

CF,CF,CF,CH,0CH,CH—CH, (3Hb-1)

NMR Spectrum of Precursor (3Hb-1):

[0329] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) & (ppm): 3.7-3.9 (2H), 4.1 (2H), 5.2
(2H), 5.8 (2H).

[0330] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -82.1 (3F), -84.1 (30F),
-84.8 (2F), -89.5 (52F), -120.8 (2F), -126.6 (30F), -130.5

2P).
[0331] Average value of the number of units (x1-1): 12
[0332] Average value of the number of units (x2): 7
Ex. 8-7
[0333] IntoaS0mlL closedtype pressure resistant container

made of PTFE, 2.4 g of the precursor (3Hb-1) obtained in Ex.
8-6, 0.07 g of di-tert-butyl peroxide, 1.5 g of trichlorosilane
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and 7.2 g of HFE-7300 were put and stirred at 120° C. for 8
hours. After distilling off unreacted substances, solvent, etc.
by concentration under reduced pressure, the reaction mix-
ture was put into a flask equipped with a dropping funnel, and
5 g of 1,3-bis(trifluoromethyl)benzene was put, followed by
stirring at room temperature. 0.8 g of a mixed solution of
trimethyl orthoformate and methanol (trimethyl orthofor-
mate:methanol=25:1 [mol:mol]) was dropwise added and
reacted at 60° C. for 3 hours. After completion of the reaction,
the solvent, etc. were distilled off under reduced pressure, and
to the residue, 0.05 g of activated carbon was added, followed
by stirring for one hour, and then, filtration was carried out by
means of a membrane filter with a pore diameter of 0.5 um to
obtain 3.3 g (yield: 88%) of a mixture (H) of a compound
(1-1Hb-1) and a compound (1-2Hb-1). The molar ratio of the
compound (1-1Hb-1) to the compound (1-2Hb-1) was 93:7
from NMR. The number average molecular weight of the
mixture (1) was 3,500. The results are shown in Table 1.
CF3CF,CF,—O0—CF,CF,0—(CF,CF,0),,_,
(CF,CF,CF,CF,0),,—
CF,CF,CF,CH,0CH,CH,CH,—Si(OCH,); (1-1Hb-1)
CF3CF,CF,—O0—CF,CF,0—(CF,CF,0),,_,
(CF,CF,CF,CF,0),,—
CF,CF,CF,CH,0CH,CH(CH;)—Si(OCH;); (1-2Hb-1)

NMR Spectrum of Compound (1-1Hb-1):

[0334] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 0.7 (2H), 1.7 (2H), 3.6 (11H),
3.8 (2H).

[0335] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -82.1 (3F), -84.1 (30F),
-85.1 (2F), -89.5 (52F), -120.4 (2F), -126.6 (30F), -130.7
2F).

NMR Spectrum of Compound (1-2Hb-1):

[0336] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 1.1 (3H), 1.7 (1H), 3.6 (11H),
3.8 (2H).

[0337] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 6 (ppm): -82.1 (3F), -84.1 (30F),
-85.1 (2F), -89.5 (52F), -120.4 (2F), -126.6 (30F), -130.7

Eﬁggé] Average value of the number of units (x1-1): 12
[0339] Average value of the number of units (x2): 7
Ex. 9
Production of Compound (1)
[0340] A fluorinated ether compound constituted by a com-

bination of (CF,0) units and (CF,CF,O) units was synthe-
sized in accordance with the method disclosed in U.S. Pat.
No. 5,258,110 and U.S. Pat. No. 3,847,978. The acid fluoride
(—COF) terminal of the obtained fluorinated ether com-
pound was esterified by a reaction with an alcohol, and an
aminopropylsilane compound was reacted to convert the ter-
minal to a hydrolysable trimethoxysilyl group thereby to
obtain the compound (1).

Ex.31
Production of Mixture (J)

Ex. 31-1

[0341] Into a 1 L three-necked flask connected to a reflux
condenser, 37.61 g of methanol was introduced, and 54.02 g
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of'a potassium carbonate powder was added. While stirring at
120° C. in a nitrogen atmosphere, 2,400 g of the compound
(11a) obtained in Ex. 1-1 was slowly dropwise added. After
dropwise addition of the entire amount, stirring was contin-
ued for further one hour while maintaining the temperature at
120° C., whereupon heating was terminated, and stirring was
continued until the temperature dropped to room tempera-
ture. Excess potassium carbonate was treaded by adding an
aqueous hydrochloric acid solution, and water and AK-225
were added to carry out liquid separation treatment. After
washing three times with water, an organic phase was recov-
ered and concentrated by an evaporator to obtain 2,406 g of an
oligomer with a high viscosity. It was diluted again with
AK-225 to double and developed and fractionated by silica
gel column chromatography (developing solvent: AK-225).
With respect to each fraction, an average value of the number
of units (n+1) was obtained from the integrated value of
F.NMR. 514.4 g (yield: 21%) of a compound (10a-2ii)
having fractions with an average value of (n+1) in the above
formula (10a-2) being from 13 to 16 put together, was
obtained.

NMR Spectrum of Compound (10a-2ii):

[0342] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 3.7 (3H), 4.0 (2H), 4.4 (26H),
6.0-6.2 (14H).

[0343] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -84.7~-87.0 (28F), -89.
4~-91.6 (28F), -121.5 (26F), -123.4 (2F), -128.0 (28F),
-145.3 (14F).

[0344] Average value of the number of units (n+1): 14
Ex. 31-2
[0345] Into a 300 mL three-necked flask connected to a

reflux condenser, 192.6 g of the compound (10a-2ii) obtained
in Ex. 31-1, and 24.35 g of a sodium fluoride powder were
introduced, and 80.3 g of CF,CF,CF,OCF(CF;)COF was
added. After stirring at 40° C. for 24 hours in a nitrogen
atmosphere, stirring was continued at room temperature over-
night. After removing the sodium fluoride powder by pressure
filtration, excess CF,CF,CF,OCF(CF;)COF was distilled off
under reduced pressure. By silica gel column chromatogra-
phy (developing solvent: AK-225), highly polar impurities
were removed to obtain 195.4 g (yield: 94%) of a compound
(9a-2ii) of the above formula (9a-2) wherein the average
value of the number of units (n+1) is 14.

NMR Spectrum of Compound (9a-2ii):

[0346] 'H-NMR (300.4 MHz, solvent: deuterated acetone,
standard: TMS) d (ppm): 3.7 (3H), 4.7 (26H), 5.2 (2H), 6.7-
6.9 (14H).

[0347] '°F-NMR (282.7 MHz, solvent: deuterated acetone,
standard: CFCl;) d (ppm): =79.0(1F), -81.1 (3F), -81.9 (3F),
-83.7~-85.0 (28F), -86.0 (1F), -89.0~-92.0 (28F), -119.8
(2F), -120.2 (26F), -126.6 (28F), -129.3 (2F), -131.5 (1F),
-145.0 (14F).

[0348] Average value of the number of units (n+1): 14
Ex.31-3
[0349] An autoclave (made of nickel, internal capacity: 1

L) was provided, and at a gas discharge outlet of the auto-
clave, a condenser held at 20° C., a NaF pellets-packed layer
and a condenser held at 0° C. were set in series. Further, a
liquid-returning line to return a liquid condensed from the
condenser held at 0° C. to the autoclave, was set.
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[0350] Into the autoclave, 750 g of
CICF,CFCICF,OCF,CF,(l (hereinafter referred to as CFE-
419) was put and stirred while maintaining the temperature at
25° C. After blowing nitrogen gas at 25° C. for one hour into
the autoclave, the 20% fluorine gas was blown into itat 25° C.
for one hour at a flow rate of 3.6 L/hr. While blowing the 20%
fluorine gas at the same flow rate, a solution having 107.0 g of
the compound (9a-2ii) obtained in Ex. 31-2 dissolved in 370
g of CFE-419, was injected into the autoclave over a period of
17.3 hours.

[0351] Then, while blowing the 20% fluorine gas at the
same flow rate, the internal pressure of the autoclave was
raised to 0.15 MPa (gauge pressure). Into the autoclave, 4 mL
of a benzene solution containing 0.05 g/ml. of benzene in
CFE-419, was injected while heating to from 25° C. 10 40° C.,
whereupon the benzene solution injection inlet of the auto-
clave was closed. After stirring for 15 minutes, 4 mL of the
benzene solution was injected again while maintaining the
temperature at 40° C., whereupon the injection inlet was
closed. The same operation was further repeated 3 times. The
total injected amount of benzene was 0.17 g.

[0352] Further, stirring was continued for one hour while
blowing the 20% fluorine gas at the same flow rate. Then, the
internal pressure of the autoclave was adjusted to the atmo-
spheric pressure, and nitrogen gas was injected for one hour.
The content in the autoclave was concentrated by an evapo-
rator to obtain 122.5 g (yield: 97%) of a compound (7a-2ii) of
the above formula (7a-2) wherein the average value of the
number of units (n) is 13.

NMR Spectrum of Compound (7a-2ii):

[0353] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl,) 6 (ppm): -56.2 (3F), -80.0 (1F),
-82.0~-82.5 (6F), -84.1 (54F), -86.7~87.8 (3F), -89.3
(54F), -91.3 (2F), -126.5 (56F), -130.4 (2F), -132.4 (1F).

[0354] Average value of the number of units (n): 13
Ex.31-4
[0355] Into a 100 mL three necked flask equipped with a

Liebig condenser, 60.0 gof'the compound (7a-2ii) obtained in
Ex. 31-3 and 0.15 g of potassium fluoride were put. In a
nitrogen atmosphere, stirring was carried out at 80° C. for 2
hours. Further, under reduced pressure, CF;CF,CF,OCF
(CF,)C(—O)F formed as a byproduct was distilled off. Potas-
sium fluoride was removed by a pressure filter to obtain 54.6
g of (vield: 98%) of a compound (8a-2).
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0CF,CF,CF,C(=0)F (8a-2)
NMR Spectrum of Compound (8a-2):
[0356] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 8 (ppm): 3.9 (3H).
[0357] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCL,) d (ppm): 24.0 (1F), -56.2 (3F), -84.7
(54F), -89.1 (54F), -90.1 (2F), -119.1 (2F), -126.5 (52F),
-127.3 (2F).
[0358] Average value of the number of units (n): 13

Ex. 31-5

[0359] Into a 100 mL three necked flask equipped with a
reflux condenser, 54.5 g of the compound (8a-2) obtained in
Ex.31-4 and 2.5 g of lithium iodide were put, and stirred at
180° C. for 10 hours. From the reaction crude liquid, a solid
content was collected by filtration to obtain 53.2 g of a prod-
uct. This product was a mixture of a desired compound (18a-
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1) and a byproduct compound (21a-1) (a compound of the
formula (1) wherein B is represented by the formula (2-9)),
and their molar ratio was 90:10 from NMR.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0OCF,CF,CF,I (18a-1)
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,OCF,CF,CF,H (21a-1)

NMR Spectrum of Mixture of Compound (18a-1) and (21a-
1):

[0360] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 6.1 (0.1H).

[0361] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) & (ppm): -56.2 (3F), -59.8 (1.8F),
-82.0 (1.8F), -84.7 (52F), -89.1 (54F), -90.1 (2F), -117.6
(1.8F), -126.5 (52F), -133.3 (0.2F), -138.0 (0.2F).

[0362] Average value of the number of units (n): 13
Ex. 31-6
[0363] Into a 30 mL autoclave made of SUS, 30.0 g of the

mixture of the compound (18a-1) and the compound (21a-1)
obtained in Ex. 31-5, 0.058 g of an azo-type initiator V-59
(trade name, manufactured by Wako Pure Chemical Indus-
tries, Ltd.) and 5.0 g of CFE-419 were put. The reactor was
closed and deaerated until the internal pressure of the reactor
became -0.099 MPa (G), whereupon ethylene was injected
until the internal pressure of the reactor became 1.50 MPa
(G). Then, stirring was carried out at 80° C. for 5 hours. By
distilling oft CFE-419 from the reaction crude liquid, 30.2 g
of a product was obtained. This product was a mixture of a
desired compound (19a-1) and the compound (21a-1), and
their molar ratio was 90:10 from NMR.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0CF,CF,CF,CH,CH,I (19a-1)

NMR Spectrum of Mixture of Compound (19a-1) and (21a-
1):

[0364] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) 6 (ppm): 2.7 (1.8H), 3.2 (1.8H), 5.9
(0.1H).

[0365] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCLy) & (ppm): =56.2 (3F), -84.1 (54F),
-89.3 (54F),-91.3 (2F), -116.2 (1.8F), -126.5 (52F),-127.6
(1.8F), -133.3 (0.2F), -138.0 (0.2F).

[0366] Average value of the number of units (n): 13
Ex. 31-7
[0367] Into a 50 mL eggplant flask connected to a reflux

condenser, 29.2 g of a mixture of the compound (19a-1) and
the compound (21a-1) obtained in Ex. 11-6, 8.8 g of 10 mass
% potassium hydroxide and 14.6 g of 1,3-bis(trifluorom-
ethyl)benzene were put, and stirred at 80° C. for Shours. After
washing with water three times, the organic phase was recov-
ered and concentrated by an evaporator to obtain 28.2 g of a
product. This product was a mixture of a desired precursor
(16a-1) and the compound (21a-1), and their molar ratio was
90:10 from NMR.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0CF,CF,CF,CH—CH, (16a-1)

NMR Spectrum of Mixture of Precursor (16a-1) and (21a-1):
[0368] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 5.7-6.0 (2.8H).
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[0369] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (54F),
-89.3 (54F),-91.3 (2F),-115.2(1.8F),-126.5 (52F),-128.1
(1.8F), -133.3 (0.2F), -138.0 (0.2F).

[0370] Average value of the number of units (n): 13
Ex.31-8
[0371] Intoa 50 mlL closedtype pressure resistant container

made of PTFE, 2.0 g of the mixture of the precursor (16a-1)
and the compound (21a-1) obtained in Ex. 31-7, 0.015 gofa
platinuny/1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex
xylene solution (platinum content: 2%), 0.13 g of trichlorosi-
lane and 2.0 g of 1,3-bis(trifluoromethyl)benzene were put
and stirred at room temperature for 24 hours. After distilling
offunreacted substances, solvent, etc. by concentration under
reduced pressure, the reaction mixture was put into a flask
equipped with a dropping funnel, and 5 g of 1,3-bis(trifluo-
romethyl)benzene was put, followed by stirring at room tem-
perature. 0.75 g of a mixed solution of trimethy] orthoformate
and methanol (trimethyl orthoformate:methanol=25:1 [mol:
mol]) was dropwise added and reacted at 60° C. for 3 hours.
After completion of the reaction, the solvent, etc. were dis-
tilled oft under reduced pressure, and to the residue, 0.1 g of
activated carbon was added, followed by stirring for one hour,
and then, filtration was carried out by means of a membrane
filter with a pore diameter of 0.5 um to obtain 1.9 g (yield:
93%) of a mixture (J) of acompound (1-4-a-1), the compound
(21a-1) and a byproduct compound (20a-1) (a compound of
the formula (1) wherein B is represented by the formula
(2-7)). The molar ratio of the compound (1-4-a-1), the com-
pound (21a-1) and the compound (20a-1) was 75:10:15 from
NMR. The number average molecular weight of the mixture
(J) was 4,800. The results are shown in Table 1.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,CH,—SI(OCH3)3 (1-4-a-1)
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CH,CH, (20a-1)

NMR Spectrum of Mixture (J):

[0372] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) & (ppm): 0.8 (1.5H), 1.1 (0.45H), 2.1
(1.8H), 3.6 (8.1H), 5.9 (0.1H).

[0373] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (54F),
-89.3(54F),-91.3 (2F),-117.8 (1.8F),-126.6 (52F),-127.8
(1.8F), -133.3 (0.2F), -138.0 (0.2F).

[0374] Average value of the number of units (n): 13
Ex.32
Method for Production of Mixture (K)
Ex. 32-1
[0375] Intoa 50 mL eggplant flask, 10.0 g of the mixture of

the compound (18a-1) and the compound (21a-1) obtained in
Ex. 31-5, 0.015 g of an azo-type initiator V-60 (trade name,
manufactured by Wako Pure Chemical Industries, [td.), 3.73
g of allyl tributyl tin and 10.0 g of 1,3-bis(trifluoromethyl)
benzene were put and stirred at 90° C. for 6 hours. The
reaction crude liquid was washed with hexane three times and
with acetone three times, whereupon the lower layer was
recovered. The recovered lower layer was passed through a
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silica gel column, and the recovered solution was concen-
trated by an evaporator to obtain 9.0 g of a product. This
product was a mixture of a desired precursor (17a-1) and the
compound (21a-1), and their molar ratio was 90:10 from
NMR.

CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—

CF,CF,0—CF,CF,CF,CH,CH=CH, (17a-1)

NMR Spectrum of Mixture of Precursor (17a-1) and Com-
pound (21a-1):

[0376] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) d (ppm): 2.8 (1.8H), 5.3 (1.8H),5.8-5.9
(1.0H).

[0377] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCl;) 8 (ppm): -56.2 (3F), -84.1 (54F),
-89.3 (54F),-91.4 (2F), -114.4 (1.8F),-126.6 (52F),-127.4
(1.8F), -133.3 (0.2F), -138.0 (0.2F).

[0378] Average value of the number of units (n): 13
Ex. 32-2
[0379] Intoa 50 mlL closedtype pressure resistant container

made of PTFE, 2.0 g of the mixture of the precursor (17a-1)
and the compound (21a-1) obtained in Ex. 32-1,0.011 gofa
platinuny/1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex
xylene solution (platinum content: 2%), 0.53 g of trimethox-
ysilane and 2.0 g of'1,3-bis(trifluoromethyl)benzene were put
and stirred at 80° C. for 12 hours. After completion of the
reaction, the solvent, etc. were distilled off under reduced
pressure, and to the residue, 0.1 g of activated carbon was
added, followed by stirring for one hour, and then, filtration
was carried out by means of a membrane filter with a pore
diameter of 0.5 um to obtain 2.0 g (yield: 98%) of a mixture
(K) of a compound (1-5a-1) and the compound (21a-1). The
molar ratio of the compound (1-5a-1) to the compound (21a-
1) was 90:10 from NMR. The number average molecular
weight of the mixture (K) was 4,800. The results are shown in
Table 1.
CF3—O—(CF,CF,0—CF,CF,CF,CF,0),—
CF,CF,0—CF,CF,CF,CH,CH,CH,—Si

(OCH,), (1-5a-1)

NMR Spectrum of Mixture (K):

[0380] 'H-NMR (300.4 MHz, solvent: deuterated chloro-
form, standard: TMS) & (ppm): 0.7 (1.8H), 1.7 (1.8H), 2.1
(1.8H), 3.6 (8.1H), 5.9 (0.1H).

[0381] '°F-NMR (282.7 MHz, solvent: deuterated chloro-
form, standard: CFCLy) & (ppm): =56.2 (3F), -84.1 (54F),
-89.3 (54F),-91.3 (2F),-115.5(1.8F),-126.6 (52F),-127.8
(1.8F), -133.3 (0.2F), -138.0 (0.2F).

[0382] Average value of the number of units (n): 13
Ex. 11 to 19 and 41 to 42

Production and Evaluation of Substrate Having
Surface-Treated Layer

[0383] Using the compound, mixture or composition
obtained in Ex. 1 to 9 and 31 to 32, surface treatment of a
substrate was carried out as Ex. 11 to 19 and 41 to 42. In each
Ex., a substrate having a surface-treated layer was produced
by using each of the following dry coating method and wet
coating method. As the substrate, chemically tempered glass
was used. With respect to the obtained substrates having a
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surface-treated layer, evaluations were carried out by the
following methods. The results are shown in Table 2.

(Dry Coating Method)

[0384] The dry coating method was carried out by using a
vacuum deposition apparatus (VITR-350M manufactured by
ULVAC, Inc.) (vacuum deposition method). 0.5 g of the com-
pound, mixture or composition obtained in Ex. 1 to 9 and 31
t0 32, was filled in a boat made of molybdenum in the vacuum
deposition apparatus, and inside of the vacuum deposition
apparatus was evacuated to at most 1x10~> Pa. The boat
having the compound, mixture or composition disposed was
heated at a heating rate of at most 10° C./min, and at the time
when the deposition rate measured by a quartz film thickness
meter exceeded 1 nm/sec, a shutter was opened to initiate film
deposition on the substrate surface. At the time when the film
thickness reached about 50 nm, the shutter was closed to
complete film deposition on the substrate surface. The sub-
strate on which the compound, mixture or composition was
deposited was subjected to heat treatment at 200° C. for 30
minutes and then washed with AK-225 (trade name, manu-
factured by Asahi Glass Company, Limited) which is a flu-
orinated solvent, to obtain a substrate having a surface-treated
layer.

(Wet Coating Method)

[0385] The compound, mixture or composition obtained in
Ex. 1to 9 and 31 to 32 and Novec-7200 (trade name, manu-
factured by 3M) as a solvent were mixed to prepare a coating
liquid having a solid content concentration of 0.05 mass %.
The substrate was dipped in the coating liquid (dip coating
method), left to stand for 30 minutes and then pulled out. The
substrate was dried at 200° C. for 30 minutes and washed with
AK-225 (trade name, manufactured by Asahi Glass Com-
pany, Limited) which is a fluorinated solvent, to obtain a
substrate having a surface-treated layer.

(Evaluation Methods)

[0386] <Method for Measuring Water Contact Angle and
n-Hexadecane Contact Angle>

[0387] The contact angle of about 2 ul. of distilled water or
n-hexadecane placed on the surface-treated surface of the
substrate having a surface-treated layer was measured by a
contact angle measuring apparatus DM-500 (manufactured
by Kyowa Interface Science Co., Ltd.). Measurement was
carried out on different five positions on the surface-treated
surface of the substrate, and their average value was calcu-
lated. To calculate the contact angle, 26 method was
employed.

<Initial Water and n-Hexadecane Contact Angles>

[0388] With respect to the substrate surface-treated by each
of the dry coating method and the wet coating method (the
substrate having a surface-treated layer), the initial water
contact angle and the initial n-hexadecane contact angle were
measured by the above measurement method.

<Abrasion Resistance>

[0389] With respect to the substrate having a surface-
treated layer produced in each of Ex. 11 to 19, in accordance
with JIS 10849, by means of a reciprocal traverse tester
(manufactured by KNT), a cellulose nonwoven fabric (BEM-
COT M-3, manufactured by Asahi Kasei Corporation) was
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reciprocated 100,000 times under a load of 1 kg, whereupon
the water contact angle and the n-hexadecane contact angle
were measured.

[0390] The smaller the decrease of the water repellency
(water contact angle) and the oil repellency (n-hexadecane
contact angle) when the number of abrasion times was
increased, the smaller the decrease in the performance by
abrasion, and the better the abrasion resistance.

<Fingerprint Stain Removability>

[0391] An artificial fingerprint liquid (a liquid composed of
oleic acid and squalene) was deposited on a flat surface of a
silicon rubber stopper, and then, excess oil was wiped off with
a nonwoven fabric (BEMCOT M-3, manufactured by Asahi
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23

Kasei Corporation) to prepare a fingerprint stamp. On a sub-
strate having a surface-treated layer produced in each of Ex.
11 to 19 and 41 to 42, the fingerprint stamp was placed and
pressed under a load of 1 kg for 10 seconds. At that time, the
haze at the portion where the fingerprint was stamped, was
measured by a haze meter (manufactured by Toyo Seiki Co.,
Ltd.). The value at that time was taken as the initial value.
Then, at the portion where the fingerprint was stamped, by
means of a reciprocal traverse tester (manufactured by KNT)
having tissue paper attached, wiping was carried out under a
load of 500 g. The haze value was measured after every
wiping reciprocation, and if it reached a numerical value
where the haze is no longer visually observed within 10
wiping reciprocations, such a case was taken as “acceptable”.

TABLE 1

Fluorinated ether compound

Number
average
molecular
Ex. No. No. Unit (f) Unit (o) Group A Group B weight
Ex. 1 Composition (A) 1-3a-1i —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,— Formula (2-3) 2,900
Ex.2 Composition (B)  1-3a-1ii ~ —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,— Formula (2-3) 4,900
Ex. 3 Mixture (C) 1-1Ha-1i —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,— Formula (2-1) 2,900
1-2Ha-1i Formula (2-2)
Ex. 4 Mixture (D) 1-1Ha-1ii —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,— Formula (2-1) 4,900
1-2Ha-1ii Formula (2-2)
Ex.5 Compound (E) 1-1Fa-1 —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,— Formula (2-1) 3,000
Ex. 6 Composition (F)  1-3a-2 —CF,CF,0— —CF,CF,CF,CF,0— CF;— Formula (2-3) 2,900
Ex.7 Mixture (G) 1-1Ha-2 —CF,CF,0— —CF,CF,CF,CF,0— CF;— Formula (2-1) 4,900
1-2Ha-2 Formula (2-2)
Ex. 8 Mixture (H) 1-1Hb-1 ~ —CF,CF,0— —CF,CF,CF,CF,0— CF;CF,CF,— Formula (2-1) 3,500
1-2Hb-1 Formula (2-2)
Ex.9 Compound (I) — (CF,0) —
(CF,CF,0)
Ex.31 Mixture (J) 1-4a-1 —CF,CF,0— —CF,CF,CF,CF,0— CF3— Formula (2-4) 4,800
20a-1 Formula (2-7)
2la-1 Formula (2-9)
Ex.32 Mixture (K) 1-5a-1 —CF,CF,0— —CF,CF,CF,CF,0— CF3— Formula (2-6) 4,800
2la-1 Formula (2-9)
TABLE 2
Dry coating method Wet coating method
n-hexadecane n-hexadecane
‘Water contact contact angle ‘Water contact contact angle
angle (degrees) (degrees) angle (degrees) (degrees)
Fluorinated After After After After
ether 100,000 100,000 Fingerprint 100,000 100,000 Fingerprint
compound or abrasion abrasion stain abrasion abrasion stain
Ex. No composition Initial times Initial times removability Initial times Initial times removability
Ex. 11 A) 114.4 111.5 65.5 64.2 Acceptable 112.8 102.0 67.2 60.2 Acceptable
Ex. 12 B) 112.2 111.0 67.8 66.6 Acceptable 112.8 106.9 68.8 65.0 Acceptable
Ex. 13 © 111.0 108.8 66.9 66.5 Acceptable 111.1 108.7 66.1 65.9 Acceptable
Ex. 14 (D) 113.9 113.5 67.0 65.9 Acceptable 112.5 114.7 67.0 66.7 Acceptable
Ex. 15 (E) 112.9 107.9 65.6 63.9 Acceptable 111.9 109.2 66.8 65.3 Acceptable
Ex. 16 (F) 111.1 110.0 67.4 67.5 Acceptable 112.5 105.2 69.2 64.2 Acceptable
Ex. 17 G 110.6 111.1 67.6 69.0 Acceptable 112.1 110.7 67.4 67.2 Acceptable
Ex. 18 (H) 109.2 106.8 67.7 66.8 Acceptable 113.5 109.8 67.9 67.1 Acceptable
Ex. 19 @ 110.8 102.0 66.6 60.9 Acceptable 111.3 112.9 66.2 66.6 Acceptable
Ex. 41 @ 113.4 110.9 68.6 65.4 Acceptable 113.7 106.0 67.4 61.3 Acceptable
Ex. 42 X 112.1 110.0 66.5 66.0 Acceptable 111.7 103.7 65.3 63.3 Acceptable
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[0392] As the results in Table 2 show, the substrate having
a surface-treated layer in each of Ex. 11 to 18 and 41 to 42,
wherein the present compound was used, was excellent in the
initial water contact angle and n-hexadecane contact angle,
and particularly in the case of the substrate having a surface-
treated layer formed by the dry coating method, the decrease
in the contact angle was small even when abraded 100,000
times. It has been confirmed that the present compound hav-
ing a poly(oxyperfluoroalkylene chain constituted by units
(o) and (P) is capable of imparting good initial water/oil
repellency to the surface of a substrate and at the same time,
has good fingerprint stain removability, is excellent in abra-
sion resistance whereby the water/oil repellency is less likely
to be lowered even by repeated abrasion, and can be effi-
ciently produced.

[0393] From the results in Ex. 11 and 12, it has been con-
firmed that the decrease in the contact angle is smaller in Ex.
12 wherein the present compound having a higher number
average molecular weight was used.

[0394] The substrate having a surface-treated layer in Ex.
19 wherein a fluorinated ether compound having a poly(ox-
yperfluoroalkylene) chain constituted by (CF,O) units and
(CF,CF,0) units was used, was slightly poor in the initial
water contact angle and n-hexadecane contact angle, and in
the case of the substrate having a surface-treated layer formed
by the dry coating method, the decrease in the contact angle
by abrasion was large.

INDUSTRIAL APPLICABILITY

[0395] The fluorinated ether compound of the present
invention is useful for surface treatment to impart water/oil
repellency to the surface of a substrate such as a member
constituting a surface to be touched with a finger, of a touch
panel.

[0396] This application is a continuation of PCT Applica-
tion No. PCT/IP2013/052945, filed on Feb. 7, 2013, which is
based upon and claims the benefit of priority from Japanese
Patent Application No. 2012-032786 filed on Feb. 17, 2012
and Japanese Patent Application No. 2012-224263 filed on
Oct. 9, 2012. The contents of those applications are incorpo-
rated herein by reference in their entireties.

What is claimed is:

1. A fluorinated ether compound which has a poly(oxyper-
fluoroalkylene) chain (a.f) having a C, oxyperfluoroalkylene
unit (o) and an oxypertluoroalkylene unit () other than the
unit (o) and which has a hydrolysable silyl group on at least
one terminal of the poly(oxyperfluoroalkylene) chain (af})
via a linking group.

2. The fluorinated ether compound according to claim 1,
wherein in the poly(oxyperfluoroalkylene) chain (), the
unit (o) and the unit (§) are alternately arranged.

3. The fluorinated ether compound according to claim 1,
wherein a C, ¢ perfluoroalkyl group is bonded via an oxygen
atom to the carbon atom at one end of the poly(oxyperfluo-
roalkylene) chain (a.f3), and the hydrolysable silyl group is
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bonded via the linking group to the oxygen atom at the other
end of the poly(oxyperfluoroalkylene) chain (c.f3).

4. The fluorinated ether compound according to claim 3,
wherein in the poly(oxyperfluoroalkylene) chain (af), the
unit (ct) and the unit (f) are alternately arranged and wherein
the perfluoroalkyl group is bonded to the carbon atom of the
unit (), and the hydrolysable silyl group is bonded via the
linking group to the oxygen atom of the unit (ct).

5. The fluorinated ether compound according to claim 1,
which has a number average molecular weight of from 2,000
to 10,000.

6. The fluorinated ether compound according to claim 1,
wherein the unit (o) is (CF,CF,CF,CF,0).

7. A fluorinated ether composition containing at least 95
mass % of the fluorinated ether compound as defined in claim
1.

8. A coating liquid comprising the fluorinated ether com-
pound as defined in claim 1, and a medium.

9. The coating liquid according to claim 8, wherein the
medium contains at least one organic solvent selected from
the group consisting of a fluorinated alkane, a fluorinated
aromatic compound and a fluoroalkyl ether.

10. A method for producing a substrate having a surface-
treated layer, which comprises a step of applying the fluori-
nated ether compound as defined in claim 1 or a fluorinated
ether composition containing at least 95 mass % of the flu-
orinated ether compound to the surface of a substrate by
vacuum vapor deposition.

11. A method for producing a substrate having a surface-
treated layer, which comprises a step of applying the coating
liquid as defined in claim 8 to the surface of a substrate,
followed by dying.

12. The method for producing a substrate having a surface-
treated layer according to claim 11, wherein the method of
applying the coating liquid to the surface of the substrate is a
spin coating method, a wipe coating method, a spray coating
method, a squeegee coating method, a dip coating method, a
die coating method, an ink jet method, a flow coating method,
aroll coating method, a casting method, a Langmuir-Blodgett
method or a gravure coating method.

13. The method for producing a substrate having a surface-
treated layer according to claim 10, wherein the material for
the substrate is a metal, a resin, glass, a ceramic or a compos-
ite material thereof.

14. The method for producing a substrate having a surface-
treated layer according to claim 11, wherein the material for
the substrate is a metal, a resin, glass, a ceramic or a compos-
ite material thereof.

15. A substrate having a surface-treated layer, obtained by
treatment with the fluorinated ether composition as defined in
claim 7.

16. A touch panel having, on its input screen, the substrate
having a surface-treated layer, obtained by treatment with the
fluorinated ether composition as defined in claim 7.
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